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(57) ABSTRACT

There 1s provided a pigment dispersion composition having
high pigment dispersibility and dispersion stability and
tavorable color characteristics even when contaiming a high
concentration of pigment; a photocurable composition supe-
rior in developability and pixel surface smoothness, allow-
ing high contrast; and a color filter having high contrast. A
pigment dispersion composition containing a polymeric
compound having a specific group or the like dissociated by
an alkali 1s used.
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PIGMENT DISPERSION COMPOSITION,
PHOTOCURABLE COMPOSITION AND

COLOR FILTER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC 119 from
Japanese Patent Application Nos. 2007-249766 and 2008-

069319, the disclosures of which are incorporated by refer-
ence herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a pigment dispersion composition
capable of being utilized 1n 1maging materials such as color
filters and color proofs, and photocurable materials such as
ink and paint; a photocurable composition appropriate for
forming a color filter for a liquid crystal display and a
solid-state 1mage sensing device; a color filter using the
photocurable composition; and a method of production
thereof.

2. Description of the Related Art

In recent years, applications of color filters mm lhiquid
crystal displays (LCDs), have expanded beyond monitors to
include televisions and the like. Accordingly, high specifi-
cation color properties with respect to chromaticity and
contrast have been desired. Similarly, high quality color
properties such as reductions in color irregularities and
improvements 1n color separation have been demanded for
applications of 1mage sensors (solid-state 1mage sensing
devices).

In relation to the above, there has arisen a demand that
pigment be dispersed in a minuter state (favorable dispers-
ibility) and that pigment be retained 1n a stable dispersion
state (favorable dispersion stability). If dispersibility 1s
isuihicient, fringes (notches 1n an edge portion) and surface
irregularities are caused 1n a formed colored resist film, and
problems occur, such as a decrease 1n chromaticity and
dimensional accuracy of a color filter to be produced, and a
remarkable decrease 1n contrast. I dispersion stability 1s
insuilicient, the following problems in particular are easily
caused during the production processes of a color filter:
uniformity of film thickness 1s decreased i a process of
applying a colored photocurable composition; photosensi-
tivity 1s decreased 1 a process of exposing; and alkali
solubility 1s decreased 1n a process of developing. In addi-
tion, when dispersion stability of a pigment i1s poor, the
components of a colored photocurable composition cohere
and 1ncrease the viscosity thereof over time and significantly
decrease pot life, which 1s problematic.

In order to address such problems, a pigment dispersant
comprising a polymer combined with an organic pigment
has been proposed (refer to Japanese Patent Application
Laid-Open (JP-A) No. 4-139262). The use of a copolymer
containing acid groups such as carboxylic acid and a radical
of sulfonic acid or the like, and a polymer containing
maleimide substituted with a phenolic acid group has also
been proposed (refer to Japanese Patent No. 3094403 and
JP-A No. 2004-287409).

However, when the particle diameter of a pigment 1s made
minute, the surface area of pigment particles increases, and
cohesive force among the pigment particles 1s strengthened,
such that 1t has been dithicult for dispersibility and dispersion
stability to be compatible at a high level.
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When producing a color filter by using the pigment
dispersion composition, a photocurable composition 1is
applied to and dried on a substrate or a substrate with a light
blocking layer of a desired pattern previously formed
thereon, and thereafter irradiated with radioactive rays
(heremafiter referred to as “expose”) through the desired
pattern and developed to obtain a pixel in each color.
However, 1n a color filter thus produced, a problem exists 1n
that that residue and scumming easily occur on the substrate
at an unexposed portion thereof, or at the light blocking
layer, during the developing process, and post-baked pixels
alter developing are inferior 1n film coating properties; for
example, they are poor 1n surface smoothness. Moreover, the
degree of residue and scumming on the substrate or the light
blocking layer and deterioration of surface smoothness tends
to become more remarkable as the concentration of the
pigment contained 1n the photocurable composition
increases, so that it has been diflicult to achieve suflicient
color density in a conventional photocurable composition
for a color filter.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the above
circumstances and provides a pigment dispersion composi-
tion, a photocurable composition and a color filter being
made therewith.

A first aspect of the present invention provides a pigment
dispersion composition containing a polymeric compound
(A) comprising one or more of a partial structure selected
from either of the following formulae (1) and (2), and a
weilght-average molecular weight of 1,000 to 100,000, and
pigment (B).

-QhQ?-z— Formula (1)

wherein in formula (1), Q' denotes —(C—O)— or
—S0O,—, Q° denotes —NH— or —CHR®*—, and Z denotes
—(C—=0)—R"— or —SO,—R"—. R® denotes a hydrogen
atom, a halogen atom, a cyano group or an alkyl group, and
R” denotes an alkylene group, a cycloalkylene group or an
arylene group. R® and R” may be linked to each other
through a linking group.

-R1f-OH Formula (2)

wherein 1n formula (2), Rf denotes an alkylene group with
at least one tluorine atom substituted.

A second aspect of the present invention provides a
photocurable composition containing the pigment dispersion
composition according to the first aspect, alkali-soluble
resin, a photo polymerizable compound and a photo polym-
erization initiator.

A third aspect of the present invention provides a color
filter comprising the photocurable composition according to
the second aspect used.

A Tourth aspect of the present invention provides devices
such as a liquid crystal display or a solid-state 1image sensing
device using the color filter according to the third aspect.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The invention has been made 1n view of the above, and the
object thereof 1s to provide a pigment dispersion composi-
tion having high pigment dispersibility and dispersion sta-
bility and favorable color characteristics even 1n the case of
containing pigment at high concentration; a photocurable
composition superior 1n developability and surface smooth-
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ness of a picture element, allowing high contrast, in com-
posing a color filter; a color filter having favorable color
characteristics and high contrast; a liquid crystal display and
a solid-state 1image sensing device using a color filter; and a
producing method of a color filter, and the mvention 1s
intended for achieving the object.

Through earnest studies, the inventors of the mmvention
have obtained a pigment fluid dispersion composition with
dispersion stability, realizing a high dispersion state, by
using a pigment dispersion composition contaiming a poly-
meric compound containing an alkali dissociative group
having specific structure to find out a photocurable compo-
sition offering high color characteristics and favorable
developability.

That 1s to say, the constitution of the invention 1s as
follows.

<1>. A pigment dispersion composition containing a
polymeric compound (A) comprising one or more of a
partial structure selected from either of the following for-

mulae (1) and (2), and a weight-average molecular weight of
1,000 to 100,000, and pigment (B).

-QL-Q%-Z- Formula (1)

wherein in formula (1), Q' denotes —(C—O)— or
—0,—,

Q* denotes —NH— or —CHR®*—, and

7 denotes —(C—0)—R"— or —SO,—R"—.

R® denotes a hydrogen atom, a halogen atom, a cyano
group or an alkyl group, and

R” denotes an alkylene group, a cycloalkylene group or an
arylene group.

R® and R” may be linked to each other through a linking

group.

-R{-OH Formula (2)

wherein in formula (2), Rf denotes an alkylene group with
at least one fluorine atom substituted.

<2>. The pigment dispersion composition according to
the i1tem <1>, wheremn the formula (1) 15 —(C=0)—
CHR®*—(C=0)—R’"—.
In the formula, R® signifies the same as the formula (1),
and R’ denotes an alkylene group, a cycloalkylene group and
an arylene group.

<3>. The pigment dispersion composition according to
the item <1> or <2>, wherein the polymeric compound (A)
1s a polymeric compound containing 5 to 100% by mass of
a repeating unit containing one or more of a partial structure
selected from the formulae (1) and (2).

<4>, The pigment dispersion composition according to
any one of the items <1> to <3>, wherein an acid value of
the polymeric compound (A) 1s 30 to 300 mgKOH/g.

<5>. The pigment dispersion composition according to
any one of the items <1> to <4>, wherein the polymeric
compound (A) 1s a compound comprising polycaprolactone
as a graft chain.

<6>. A photocurable composition containing the pigment
dispersion composition according to any one of the items
<]> to <5>, alkali-soluble resin, a photo-polymerizable
compound and a photo polymerization initiator.

<7>. A color filter comprising the photocurable compo-
sition according to the item <<6> used.

<8>, A liquid crystal display using the color filter accord-
ing to the item <7>.

<9>, A solid-state 1mage sensing device using the color
filter according to the 1tem <7>.

That 1s, a polymeric compound of the mnvention has an
either partial structure of the formulae (1) and (2), and the
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formula (1) first exhibits alkali solubility by dissociating 1n
the alkali developing process. The formula (2) 1s a weakly
acidic or hydrophobic acidic group. In conventionally used
acidic groups exhibiting strong hydrophilic property, such as
carboxylic acid group and sulfonic acid group, the problem
1s the interaction with a basic dispersant during the dispers-
ing process, the preparing process ol a photocurable com-
position and the preservation of a photocurable composition.
However, a polymeric compound of the invention allows the
interaction with a basic dispersant to be reduced. Thus, the
dispersant may be freely designed and the dispersing func-
tion of the dispersant may be sutliciently performed.

With regard to a colored photocurable composition using,
a pigment dispersion composition of the mvention, polymer
liquid adheres to a piping area for coating and a coating head
area with difliculty; therefore, residence of the liquid 1n the
piping 1s decreased and adhesion of dried foreign matter to
the coating head area 1s decreased, so that 1t 1s conceived that
a color filter particularly superior in surface smoothness may
be obtained. Also, 1t 1s conceived that the reason therefor 1s
that fluid dispersion and a photocurable composition result-
ing from association between an alkali-soluble polymer and
a dispersant may be prevented from thickening with time,
and the pigment may be prevented from cohering. In addi-
tion, alkaline development progresses mildly; therefore, 1t 1s
assumed that discrimination between an exposed area and an
unexposed area 1s made so easily that favorable develop-
ment pattern 1s obtamned and residue and scumming are
rendered favorable.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention 1s hereinatter described 1n detail.
[Pigment Dispersion Composition]

A pigment dispersion composition of the present inven-
tion 1s such as to contain in organic solvent a polymeric
compound (A) having one kind or more of a group selected
from either of the formulae (1) and (2), and a weight-average
molecular weight of 1,000 to 100,000, and at least one kind
of pigment (B), which pigment dispersion composition may
be composed as required by using another component such
as a resin component. The partial structure selected from
either of these formulae (1) and (2) has the function of being
dissociated by alkali to be dissolved in alkali and the
function of exhibiting weak acidity to be dissolved 1n alkals,
respectively. Thus, the use of the polymeric compound (A)
as a pigment dispersant does not cause a pigment dispersion
composition and a photocurable composition to exhibit
strong hydrophilic property, so that a dispersion state of the
pigment 1s favorable, the pigment 1s prevented from coher-
ing and favorable color characteristics are obtained, and
additionally color characteristics such as high contrast and
developability may be developed 1n composing a color filter,
for example.

Polymeric Compound (A)

A pigment dispersant of the invention contains a poly-
meric compound (A) having a group selected from the
following formulae (1) and (2), and a weight-average
molecular weight of 1,000 to 100,000. The use of this
polymeric compound (A) as a pigment dispersant causes a
dispersion state of the pigment 1n organmic solvent to be
favorable, and allows high developability and surface
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smoothness to be developed even 1 the case of containing
the pigment at high concentration, for example, 1n compos-
ing a color filter.

Formula (1)

-Q'-Q*-Z-
Here, Q' denotes —(C—0)— or —SO,—,
Q” denotes —NH— or —CHR®*—, and
Z denotes —(C—0)—R"— or —SO,—R"—.
Also, R® denotes a hydrogen atom, a halogen atom, a cyano
group or an alkyl group, and
R” denotes an alkylene group, a cycloalkylene group or an

arylene group.
R® and R” may be linked to each other through a linking

group.

-R{-OH Formula (2)

Here, Ri denotes an alkylene group with at least one
fluorine atom substituted.

Specific examples of the partial structure (occasionally
referred to as acid group or acid group structure hereinafter)
represented by the formula (1) include the following struc-
tures.

(1-a)

O O
o
—S—N
(U)
(1-b)
O O
[
(1-¢)
O O
| @
—S§—N—§—
IS
(1-d)
O O
I m
—N—C
I
(1-e)
O O
[ o]
(1-1)
O O
|
—S—C —5—
IS

Examples of an acid group represented by the formula (2)
include —C(CF;),OH, —C(C,F;),OH, —C(CF;)(CH;)OH
and —CH(CF;)OH, and —C(CF,),OH 1s preferable.

The amount of an acid group of the formulae (1) and (2)
contained 1n the polymeric compound (A) may be properly
adjusted 1n accordance with the kind of the dispersed
pigment. The amount of a repeating unit containing an acid
group 1s preferably S to 100% by mass, preferably 10 to 80%

by mass and more preferably 20 to 60% by mass. Preferable
acid value 1s 30 to 300 mgKOH/g, more preferably 50 to 200

mgKOH/g. An acid value of less than 30 mgKOH/g renders
development incapable and causes development residue. An
acid value of more than 300 mgKOH/g renders dispersion
stability unfavorable and quickens the rate of alkaline devel-
opment too much to obtain appropriate development lati-

tude.
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Acid value 1s determined by measuring the amount (mg)
of potassium hydroxide necessary for neutralizing 1 g of the
polymeric compound. The polymeric compound (A) having
desired acid value may be obtained by adjusting the number
of acid groups 1n a monomer, the molecular weight of a
monomer and the composition ratio of a monomer to control
the number of acidic groups 1n the polymeric compound.

The polymeric compound (A) 1s preferable for the reason
that the formulae (1) and (2) may be introduced thereinto by
polymerizing monomers specifically represented by the fol-

lowing formulae (G-1I) to (G-III).

(G-I)

R3
gI—R
3 (G-11)
R
W2 —Rf—OH
(G-11T)
R3

X

w=—g8!—R

In the formulae (G-I) to (G-III), R® denotes a hydrogen
atom or a methyl group. S' denotes a linking group repre-
sented by the above-mentioned formulae (1-a) to (1-1). R
denotes an alkyl group, a cycloalkyl group or an aryl group
optionally having a substituent. Ri denotes an alkylene
group with at least one fluorine atom substituted. W= denotes
a single bond, a single linking group or a linking group
composed of an optional combination, selected from atomic
groups such as

—(— S
I 7
—CO00— —S0,— —(C— ——N—
Z> 7>
—CON— —— SO, N—— — NHCOO——
—— NHCONH—

(Z' and Z* denote a hydrogen atom, a halogen atom, an alkyl
group having 1 to 6 carbon atoms, a cyano group and a

hydroxyl group, and Z> denotes a hydrogen atom, an alkyl
group having 1 to 18 carbon atoms and an aryl group having
6 to 20 carbon atoms.)

Further, the formulae (G-I) to (G-III) are preferably
represented by the following formulae (G-1V) to (G-VII).
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: (G-1V)
R
=370—W1—81—R1
O
: (G-V)
R
23—0—%?1—1{1“—0}1
O
: (G-VI)
R
I
NH ﬁ R/
O O
(G-VID)
/

(W' denotes a single linking group or a linking group
composed of an optional combination, selected from alky-
lene, alkoxy and ester. S' denotes a linking group repre-
sented by the above-mentioned formulae (1-a) to (1-f). R
denotes an alkyl group, a cycloalkyl group or an aryl group
optionally having a substituent. R* denotes a hydrogen atom,
a halogen atom, an alkyl group having 1 to 6 carbon atoms,

an alkoxy group and a cyano group. R> denotes a hydrogen
atom or a methyl group. Ri denotes an alkylene group with
at least one fluorine atom substituted.)

More specifically, the formula (G-1V) 1s preferably rep-
resented by the following formula.

(G-VIII)

Rll

In the above-mentioned formula (G-VIII), R'"' and R'*

denote a hydrogen atom or an alkyl group having 1 to 4
carbon atoms, R'® denotes an alkyl group having 1 to 6
carbon atoms, L. denotes a linking group selected from
alkylene having 2 to 6 carbon atoms, ether having 2 to 6
carbon atoms, ester having 2 to 6 carbon atoms, amide
having 2 to 6 carbon atoms and urea having 2 to 6 carbon
atoms, and X' and X* denote O or NR* each independently.
Here, R* denotes a hydrogen atom or an alkyl group having
1 to 4 carbon atoms.

Specific examples of the formulae (G-III) to (G-VIII) are
shown below. R® denotes a hydrogen atom or a methyl

group.
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-continued
-6
\‘ R
O NH
O O—=S8={()
10
j R3 GJ j R3
O NH 15 O TH
)\ O=—=5—7=0
0 k
(-8

R3
i ) N
O NH R’
O NH

G-9 30

O
|
» ).
<
O

NH 0 NH
35
0O=S=0

(7-10
R3
\I “
O

‘ 45

{

>
)
<

G-11 |

R’ O—S—0
50
I /
O NH ‘

)
)

<_
/
I

G-12

R3
j 0 0=—=S=0
O NH

@%
)
/_\\

\
{
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-continued
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-continued

G-19

R3
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O O
10
15
(5-20
R3
20
O O
25
G-21
30
R3
35
O O
(-22
40
G-23 45
R3
50 O O
55
(5-24
60

CoFs

-25

(G-26

G-27

(-28

A polymeric compound (A) having a specific acid group

of the invention may be also synthesized by polymerizing a
monomer as described above or by reacting a polymeric

65 compound as a precursor with a low-molecular weight
compound having an acid group. A polymeric compound
(A) having a specific acid group of the invention 1s more
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preferably at least one kind selected from a block polymer,
a grait polymer and a terminal-modified polymer.
It 1s conceived that a polymeric compound (A) having a

specific acid group of the mvention 1s adsorbed on the
surface of pigment 1n the dispersing process to act so as to

prevent reaggregation. Thus, the polymeric compound (A)
of the mnvention may be a straight-chain random copolymer,
but yet examples of a preferable structure include a block

polymer, a grait polymer and a terminal-modified polymer,
which are more eflective.

(Straight-Chain Random Copolymer)
A straight-chain random copolymer may be obtained by

subjecting a monomer containing an acid group represented
by the above-mentioned formulae (G-I) to (G-III) and
another copolymerizable monomer to an optional polymer-
ization method such as radical polymerization. Another
copolymerizable monomer, which 1s described in detail 1n
the section of a block polymer, may be optionally selected
by one kind or more from monomers such as (1) a monomer
having an organic coloring matter structure or a heterocyclic
structure, (11) a monomer having an acidic group, (111) a
monomer having a basic nitrogen atom, (1v) a monomer
having an urea group, an urethane group, a hydrocarbon
group having 4 or more carbon atoms, having a coordinating
oxygen atom, an alkoxysilyl group, an epoxy group, an
1socyanate group and a hydroxyl group, (v) a monomer
containing an 1onic functional group, (v1) (meth)acrylates,
crotonates, vinyl esters, dimaleates, difumarates, diitacon-
ates, (meth)acrylamides, styrenes, vinyl ethers, vinyl
ketones, olefins, maleimides and (meth)acrylonitrile. One
kind or more selected from the monomer groups (1) to (111)
1s preferably contained.

The preferable weight-average molecular weight of the
straight-chain random copolymer 1s not particularly limited
and yet preferably i a range of 1,000 to 100,000, more
preferably 1n a range of 3,000 to 50,000. A weight-average

molecular weight of 1,000 or more allows the effect of

stabilizing more eflectively, while a weight-average molecu-
lar weight of 100,000 or less allows more effective adsorp-

tion to perform favorable dispersibility.

(Block Polymer)
A block polymer is not particularly limited and examples

thereof include a block polymer composed of pigment
adsorption block (a), block having an acid group (b) and
block being not adsorbed in pigment (¢). A monomer com-
posing the pigment adsorption block (a) 1s not particularly
limited and examples thereof include a monomer having a
functional group capable of being adsorbed in pigment.
Specific examples thereof include a monomer having an
organic coloring matter structure or a heterocyclic structure,
a monomer having an acidic group, and a monomer having
a basic nitrogen atom.

Examples of monomers having an organic dye structure
or a heterocyclic structure include: phthalocyanine-, insol-
ubule azo-, azo lake-, anthraquinone-, quinacridone-, diox-
azine-, diketopyrolopyrrole-, anthrapyridine-, anthan-
throne-, indanthrone-, tflavanthrone-, perinone-, perylene-
and thioindigo-dye structures; and heterocyclic structure
such as thiophene, furan, xanthene, pyrrole, pyrroline, pyr-
rolidine, dioxolane, pyrazole, pyrazoline, pyrazolidine, 1mi-
dazole, oxazol, thiazole, oxadiazole, triazole, thiadiazole,
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pyran, pyridine, piperidine, dioxane, morpholine,
pyridazine, pyrimidine, piperazine, triazine, trithiane, 1soin-
doline, 1soindolinone, benzimidazolone, benzothiazole, suc-
cinic 1mide, phthalimide, naphthalimide, hydantoin, indole,

quinoline, carbazole, acridine, acridone, and anthraquinone.

Although there are no particularly limitations, more specific
examples of such a monomer include the following struc-
tures.

a-1

0
0O
0
=<N | P |
H
a-2
0
N \/§ ﬁ\/\
0
g T
A \N/\/
a-3
0
0
0
~ 1 J
a-4
0
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Examples of monomers having an acidic group include a
vinyl monomer having a carboxyl group, a vinyl monomer
having a sulfonic acid group, and a vinyl monomer having
a phosphoric acid group. Examples of vinyl monomers
having a carboxyl group include (meth)acrylic acid, vinyl-
benzoic acid, maleic acid, maleic acid monoalkyl ester,
fumaric acid, 1itaconic acid, crotonic acid, cinnamic acid, an
acrylic acid dimer and the like.

Addition products of hydroxyl group containing monomers,
such as 2-hydroxyethyl(meth)acrylate with cyclic anhy-
drides, such as maleic anhydride, phthalic anhydnde, and
cyclohexanedicarboxylic anhydride, may also be used, and
(w-carboxy-polycaprolactone mono(meth)acrylate and the
like may also be used. Anhydride containing monomers,
such as maleic anhydride, 1itaconic anhydride, and citraconic
anhydride, may also be used as a precursor of a carboxyl
group.

(Meth)acrylic acid is particularly preferable from the stand-
points of ability to form a copolymer, cost, solubility, and the
like.

Examples of vinyl monomers having a sulfonic acid
group 1nclude 2-acrylamido-2-methylpropanesulfonic acid
and the like, and examples of vinyl monomers having a
phosphoric acid group include phosphate mono(2-acryloy-
loxyethyl ester) and phosphate mono(1-methyl-2-acryloy-
loxyethyl ester), and the like. The polymeric compound (A)
includes the specific acid group of the mvention indepen-
dently to the acidic group of the above described monomers
having an acidic group.

Examples of monomers having a basic nitrogen atom that
can be used include: hetrocycle containing monomers, such
as vinylpyridine, vinylimidazole, vinyltriazole and the like;
and (meth)acrylate esters, such as N,N-dimethylaminoethyl
(meth)acrylate, N,N-dimethylaminopropyl(meth)acrylate,
1-(N,N-dimethylamino)-1,1-dimethylmethyl(meth)acrylate,
N,N-dimethylaminohexyl(meth)acrylate, N,N-diethylam-
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inoethyl(meth)acrylate, N,N-diisopropyl-aminoethyl(meth)
acrylate, N,N-di-n-butylaminoethyl(meth)acrylate, N,N-di-
1sobutylaminoethyl(meth)acrylate, morpholinoethyl(meth)
acrylate, piperidinoethyl(meth)acrylate, 1-pyrrolidinoethyl
(meth)acrylate, N,N-methyl-2-pyrrolidylaminoethyl(meth)
acrylate, N,N-methyl-phenylaminoethyl(meth)acrylate, and
the like; (meth)acrylamides, such as N—(IN'N'-dimethy]l-
aminoethyl)acrylamide, = N—(N'N'-dimethylaminoethyl)
methacrylamide, N—(N'.N'-diethy]l aminoethyl)acrylamide,
N—(N'N'-diethyl aminoethyl)methacrylamide, N—(N',N'-
dimethylaminopropyl)acrylamide, N—(N',N'-dimethylam-
iopropyl)methacrylamide, N—(IN'.N'-diethylaminopropyl)

acrylamide, N—(N'.N'-diethylaminopropyl)
methacrylamide, 2-(N,N-dimethylamino)ethyl(meth)
acrylamide, 2-(N,N-diethylamino)ethyl(meth)acrylamide,

3-(N,N-diethylamino )propyl(meth)acrylamide, 3-(IN,N-di-
methylamino)propyl(meth)acrylamide, 1-(N,N-dimethyl-
amino)-1,1-dimethylmethyl(meth)acrylamide and 6-(N,N-
diethylamino)hexyl(meth)acrylamide, = morpholino(meth)

acrylamide, piperidino(meth)acrylamide, N-methyl-2-
pyrrolidyl(meth)acrylamide; styrenes, such as N,N-
dimethylamino  styrene and  N,N-dimnethylamino

methylstyrene; and the like.

A monomer having a hydrocarbon group with 4 or more
carbon atoms containing a urea group, a urethane group, and
an oxygen ligand, or a monomer containing an alkoxy silyl
group, an epoxy group, an isocyanate group, or a hydroxyl
group, can also be used.

Specific examples include monomers of the following struc-
tures.
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Monomers containing an 1onic functional group can be

used.
Examples of 1onic vinyl monomers (anionic vinyl mono-
mers and cationic vinyl monomers) include anionic vinyl
monomers, such as alkali metal salts of the above vinyl
monomers having acidic groups and salts of organic amines
(for example, tertiary amines, such as triethylamine and
dimethylamino ethanol), and cationic vinyl monomers, such
as nitrogen-containing vinyl monomers quaternerized with:
an alkyl halide (alkyl group: 1 to 18 carbon atoms, halogen
atom: chlorine atom, bromine atom or 10dine atom); a benzyl
halide, such as benzyl chloride or benzyl bromide; an
alkylsulfonate (alkyl group: 1 to 18 carbon atoms), such as
methanesulionate; an alkyl arylsulfonate (alkyl group: 1 to
18 carbon atoms), such as benzenesulifonate or toluenesul-
fonate; a dialkyl sulfate (alkyl group: 1 to 4 carbon atoms);
or the like, and dialkyl diaryl ammonium salts and the like.

The above monomers having a functional group for
adsorbing to the pigment may be selected appropriately
according to the type of dispersed pigment, and may be used
singly or in combinations of two or more thereof.

The monomer composing the block having an acid group
(b) includes the monomers described above and preferably
the monomers represented by above formulae (G-I) to
(G-11I). The above monomers having an acidic group may be
selected appropnately according to the type of dispersed
pigment, and may be used singly or 1n combinations of two
or more thereof.

There are no particular limitations to the monomer con-
figuring a non-pigment adsorbing block (¢) and monomers
that can be used include, for example: (meth)acrylate esters,
crotonic acid esters, vinyl esters, maleic acid diesters, fumar-
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ate diester, itaconic acid diesters, (meth)acrylamides, sty-
renes, vinyl ethers, vinyl ketones, olefins, maleimides,
(meth)acrylonitrile and the like. The monomers that config-
ure a non-pigment adsorbing block may be used singly, or in
combinations of two or more thereof.

Examples of (meth)acrylate esters include methyl(meth)
acrylate, ethyl (meth)acrylate, n-propyl(imeth)acrylate, 1so-
propyl(meth)acrylate, n-butyl(meth)acrylate, 1sobutyl(meth)
acrylate, t-butyl(meth)acrylate, amyl(meth)acrylate, n-hexyl
(meth)acrylate, cyclohexyl(meth)acrylate, t-butylcyclohexyl
(meth)acrylate, 2-ethylhexyl(meth)acrylate, t-octyl(meth)
acrylate, dodecyl(meth)acrylate, octadecyl(meth)acrylate,
acetoxvethyl(meth)acrylate, phenyl(meth)acrylate, 4-hy-
droxybutyl(meth)acrylate, 2-methoxyethyl(meth)acrylate,
2-ethoxyethyl(meth)acrylate, 2-(2-methoxyethoxy)ethyl
(meth)acrylate, 2-chloroethyl(meth)acrylate, vinyl(meth)
acrylate, 2-phenylvinyl(meth)acrylate, 1-propenyl(meth)
acrylate, allyl(meth)acrylate, 2-allyloxyethyl(meth)acrylate,
propargyl(meth)acrylate, benzyl(meth)acrylate, diethylene
glycol monomethyl ether(meth)acrylate, diethylene glycol
monoethyl ether(imeth)acrylate, triethylene glycol monom-
cthyl ether(meth)acrylate, triethylene glycol monoethyl
cther(meth)acrylate, polyethylene glycol monomethyl ether
(meth)acrylate, polyethylene glycol monoethyl ether(meth)
acrylate, [3-phenoxyethoxyethyl(meth)acrylate, nonylphe-
noxypolyethylene glycol(meth)acrylate, dicyclopentenyl
(meth)acrylate, dicyclopentenyl oxyethyl(meth)acrylate,
trifluoroethyl(meth)acrylate, octafluoro pentyl(meth)acry-
late, pertluoro octylethyl(meth)acrylate, dicyclopentanyl
(meth)acrylate,  tribromophenyl(meth)acrylate,  tribro-
mophenyloxyethyl (meth)acrylate, v-butyrolactone(meth)
acrylate, and the like.

Examples of crotonic acid esters include butyl crotonate,
hexyl crotonate, and the like. Examples of vinyl esters
include vinyl acetate, vinylchloro acetate, vinyl propionate,
vinyl butyrate, vinyl methoxy acetate, vinyl benzoate, and
the like. Examples of maleic acid diesters include dimethyl
maleate, diethyl maleate, dibutyl maleate, and the like.
Examples of fumaric acid diesters include dimethyl furma-
rate, diethyl fumarate, dibutyl fumaric, and the like.
Examples of 1taconic acid diesters include dimethyl 1tacon-
ate, diethyl itaconate, dibutyl 1taconate, and the like.

Examples of (meth)acrylamides include (meth)acrylam-
ide, N-methyl(meth)acrylamide, N-ethyl(meth)acrylamide,
N-propyl(meth)acrylamide, N-isopropyl(meth)acrylamide,
N-n-butyl acrylic(meth)amide, N-t-butyl(meth)acrylamide,
N-cyclohexyl(meth)acrylamide, N-(2-methoxy ethyl)(meth)
acrylamide, N,N-dimethyl(meth)acrylamide, N,N-diethyl
(meth)acrylamide, N-phenyl(meth)acrylamide, N-nitrophe-
nyl acrylamide, N-ethyl-N-phenylacrylamide, N-benzyl
(meth)acrylamide, (meth)acryloyl morpholine, diacetone
acrylamide, N-methylolacrylamide, N-hydroxyethylacryl-
amide, vinyl(meth)acrylamide, N,N-diaryl(meth)acrylam-
ide, N-allyl(meth)acrylamide, and the like.

Examples of styrenes include styrene, methylstyrene,
dimethylstyrene, trimethylstyrene, ethylstyrene, 1sopropyl-
styrene, butylstyrene, hydroxystyrene, methoxystyrene,
butoxystyrene, acetoxystyrene, chlorostyrene, dichlorosty-
rene, bromnostyrene, chloromethylstyrene, protected
hydroxystyrenes that can be deprotected using an acidic
group (for example, t-Boc or the like), vinylbenzoic acid
methyl ester and a-methylstyrene, and the like.

Examples of vinyl ethers include methyl vinyl ether, ethyl
vinyl ether, 2-chloroethyl vinyl ether, hydroxyethyl vinyl
cther, propylvinyl ether, butyl vinyl ether, hexyl vinyl ether,
octyl vinyl ether, methoxyethyl vinyl ether, phenyl vinyl
ether, and the like.
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Examples of vinyl ketones include methyl vinyl ketone,
cthyl vinyl ketone, propyl vinyl ketone, phenyl vinyl ketone,
and the like. Examples of olefins include ethylene, propyl-
ene, 1sobutylene, butadiene, 1soprene, and the like.
Examples of maleimides include maleimide, butylmaleim-
ide, cyclohexyl maleimide, phenyl maleimide, and the like.
Examples of (meth)acrylomitriles include methacrylonitrile,
acrylonitrile, and the like.

The block polymer compound 1n the present invention can
be obtamnmed by employing conventional methods. For
example, living polymerization, the iniferter method, and
the like are known. Besides these, another known method 1s,
when carrying out radical polymerization of a monomer
having a pigment adhering group or a monomer having no
pigment adhering group, to perform alkal1 treatment with an
alkali, such as sodium hydroxide or ammonia, to a polymer
obtained from polymerization in the presence of a com-
pound containing a thioester and a thiol group within its
molecule, such as thiol carboxylic acid, 2-acetylthioethyl
cther or 10-acetylthiodecanethiol, forming a polymer which
has a thiol group at one end terminal. Further radical
polymerization of the monomer component of another block
1s then carried out 1n the presence of the obtained polymer
which has a thiol group at one end terminal. Among these
methods living polymerization 1s preferred.

Although the weight average molecular weight of the
block polymer compound 1s not particularly limited, a
weight average molecular weight within the range of from
1,000 to 100,000 1s preferable, and the range of from 5,000
to 50,000 1s more preferable. The stabilization effect can be
more ellectively obtained at a weight average molecular
weight of 1,000 or more, and more effective adhering and
good dispersibility can be demonstrated when the weight
average molecular weight 1s 100,000 or less.

(Graft Polymer)

A graft polymer prefers to contain an acid group of the
invention 1 any of main chain, branch and both. With regard
to a synthetic method of the graft polymer, as described in
Shin Koubunshi Jikkengaku Vol. 2 (KYORITSU SHUPPAN
CO., LTD., 1995), usable examples of a general method
include a method for polymerizing a branched monomer
from a main chain polymer, a method for bonding a
branched polymer to a main chain polymer and a method for
copolymerizing a main chain monomer with a branched
polymer.

That 1s, the graft polymer usable i1n the nvention 1s
obtained by copolymerizing one kind or more of a monomer
contaiming an acid group represented by the above-men-
tioned formulae (G-1) to (G-111) 1n any of main chain, branch
and both with another copolymerizable monomer.

Another copolymerizable monomer may be optionally
selected by one kind or more from the above-mentioned
monomers such as (1) a monomer having an organic coloring,
matter structure or a heterocyclic structure, (11) a monomer
having an acidic group, (111) a monomer having a basic
nitrogen atom, (1v) a monomer having an urea group, an
urcthane group, a hydrocarbon group having 4 or more
carbon atoms, having a coordinating oxygen atom, an alkox-
ysilyl group, an epoxy group, an 1socyanate group and a
hydroxyl group, (v) a monomer containing an 1onic func-
tional group, (vi1) (meth)acrylates, crotonates, vinyl esters,
dimaleates, difumarates, diitaconates, (meth)acrylamides,
styrenes, vinyl ethers, vinyl ketones, olefins, maleimides and
(meth)acrylonitrile.

Examples of a preferable form 1n the grait polymer of the
invention include the following: a graft polymer having as
copolymerizable components a monomer represented by the
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above-mentioned (1) to (1v), a monomer containing an acid
group represented by the above-mentioned formulae (G-I) to
(G-III), and a polymerizable oligomer (hereinafter referred

to as a macromonomer); a grait polymer having as copoly-
merizable components a monomer represented by the above-
mentioned (1) to (1v), and a polymerizable oligomer con-
taining an acid group represented by the above-mentioned
tformulae (G-I) to (G-1II) (heremafiter referred to as a mac-
romonomer); and a graft polymer having as copolymerizable
components a monomer represented by the above-men-
tioned (1) to (1v), a monomer contaiming an acid group
represented by the above-mentioned formulae (G-I) to
(G-1II), and a polymerizable oligomer containing an acid
group represented by the above-mentioned formulae (G-I) to
(G-III) (hereinafter referred to as a macromonomer).

The weight-average molecular weight of the above-men-
tioned graft polymer 1s not particularly limited and yet
preferably in a range of 1,000 to 100,000, more preferably
in a range of 5,000 to 50,000. A Welght -average molecular
weight of 1,000 or more allows the effect of stabilizing more
cllectively, while a weight-average molecular weight of
100,000 or less allows more effective adsorption to perform
favorable dispersibility. In particular, the weight-average
molecular weight of the branch 1s preferably 300 to 30,000,
more preferably 1,000 to 20,000. The molecular weight of
the branch in the above-mentioned range brings particularly
favorable developability and wide development latitude.

Next, the preferable structure of the macromonomer 1s
represented by the following formulae (4), (5) and (6).
Among these, the repeating unit represented by the formula
(4) 1s the most preferable.

(4)

R]S Rl?
|
f|{16 :J{B
|
L'—0—cC,, HZm—ﬁ-)—o—Am
R18 RZU (5)
IL]Q }l{4
|
L’—0 (‘: CHm—o—ﬁ—A“
O O
(6)
R?ﬁ
CH,=—C
xi;l_Alz

In the formulae (4) and (5),
R"™ to R*": a hydrogen atom, a monovalent organic group

X, X* —CO—, —C(=0)0— —CONH—, —OC
(—0O)—, a phenylene group
L', L’: a single bond, or an organic linking group

A'® A™: a monovalent organic group
m, n: an integer of 2 to 8
p, q: an mteger ol 1 to 100

R"™ to R*® denote a hydrogen atom and a monovalent
organic group. The monovalent organic group 1s preferably
a substituted or unsubstituted alkyl group. The alkyl group
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1s preferably an alkyl group having 1 to 12 carbon atoms,
more preferably an alkyl group having 1 to 8 carbon atoms
and particularly preferably an alkyl group having 1 to 4
carbon atoms.

In the case where the alkyl group has a substituent,
examples of the substituent include a hydroxy group, an
alkoxy group (preferably having 1 to 5 carbon atoms, more
preferably having 1 to 3 carbon atoms), a methoxy group, an
ethoxy group and a cyclohexyloxy group. Specific examples
of the preferable alkyl group include a methyl group, an
cthyl group, a propyl group, an n-butyl group, an 1sobutyl
group, a tert-butyl group, an n-hexyl group, a cyclohexyl
group, a 2-hydroxyethyl group, a 3-hydroxypropyl group, a
2-hydroxypropyl group and a 2-methoxyethyl group. It 1s
the most preferable 1n view of adsorption efliciency on the
pigment surface that R*>, R*°, R*® and R'” are hydrogen
atoms, and R'” and R*" are hydrogen atoms or methyl
groups.

X* and X* denote —CO—, —C(—=0)O—, —CONH—,
—OC(=0)— and a phenylene group. Among them,
—(C(—=0)O—, —CONH— and a phenylene group are
preferable from the viewpoint of adsorptivity 1n the pigment,
and —C(—0)O— is the most preferable. L' and L’ denote
a single bond or an organic linking group. The linking group
1s preferably a substituted or unsubstituted alkylene group.
The alkylene group 1s preferably an alkylene group having
1 to 12 carbon atoms, more preferably an alkylene group
having 1 to 8 carbon atoms and particularly preferably an
alkylene group having 1 to 4 carbon atoms.

The alkylene group 1s further preferably such as to be
linked through a hetero atom (such as a oxygen atom, a
nitrogen atom or a sulfur atom). Specific examples of the
preferable alkylene group include a methylene group, an
cthylene group, a propylene group, a trimethylene group and
a tetramethylene group. In the case where the alkylene group
has a substituent, examples of the substituent include a
hydroxy group.

The linking group 1s preferably in view of adsorptivity in
the pigment, such as to have a hetero atom selected from
—(C(=0)—, —0OC(=0)— and —NHC(=0O)—, or a par-
tial structure containing the hetero atom 1n a terminal of the
above-mentioned alkylene group, and to be linked through

the hetero atom or the partial structure containing the hetero
atom.

A" and A'' denote a monovalent organic group. The
monovalent organic group 1s preferably a substituted or
unsubstituted alkyl group or a substituted or unsubstituted
aryl group. Preferable examples of the alkyl group include
a straight-chain, branched and cyclic alkyl group having 1 to
20 carbon atoms; specific examples thereof include a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a nonyl
group, a decyl group, an undecyl group, a dodecyl group, a
tridecyl group, a hexadecyl group, an octadecyl group, an
eicosyl group, an 1sopropyl group, an i1sobutyl group, a
sec-butyl group, a tert-butyl group, an 1sopentyl group, a
neopentyl group, a 1-methylbutyl group, an 1sohexyl group,
a 2-ethylhexyl group, a 2-methylhexyl group, a cyclohexyl
group, a cyclopentyl group and a 2-norbornyl group.

A' and A" are preferably a straight-chain alkyl group
having 1 to 20 carbon atoms, a branched alkyl group having
3 to 20 carbon atoms and a cyclic alkyl group having 5 to 20
carbon atoms, more preferably a straight-chain alkyl group
having 4 to 15 carbon atoms, a branched alkyl group having
4 to 15 carbon atoms and a cyclic alkyl group having 6 to 10
carbon atoms, and far more preferably a straight-chain alkyl
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group having 6 to 10 carbon atoms and a branched alkyl
group having 6 to 12 carbon atoms, in view of dispersion
stability and developability.

m and n denote an 1nteger of 2 to 8. m and n are preferably
4 to 6, most preterably 5 1n view of dispersion stability and
developability. p and g denote an integer of 1 to 100.
Different p and different g may be mixed by two kinds or
more. p and q are preferably 5 to 60, more preferably S to
40 and far more preferably 5 to 20, in view of dispersion
stability and developability. The repeating unit represented
by the formula (4) 1s preferable in view of dispersion
stability. The repeating unit represented by the formula (4-2)
1s more preferable.

(4-2)

.

-

3
)

—O—x

R C=0

O—O—0O—=

O AID

—La-Lb—0—C,H,,—C3

|

O

La denotes an alkylene group having 2 to 10 carbon
atoms, and Lb denotes —C(—0O)— and —NHC(=—0)—.
R"™ toR"/, m, p and A'° signify the same as the formula (4).

The repeating units represented by the formulae (4), (5)
and (4-2) are mtroduced as repeating units of a polymeric
compound by polymerizing or copolymerizing monomers
represented by the following formulae (1), (1) and (1-2),
respectively.

(1)
15 pl7

|
(‘3=C
RI6 X3—L1—eo—cmH2m—ﬁap—o—Am
O
(11)
RIS REU
C=—=C

R? X4—1"—+40—C—CH,,—0—C—A!

| ol

O O
(1-2)

C=—=0

O—La—Lb—&O—CmHgm—ﬁﬁp—O—Am
O

In the above-mentioned formulae, R'> to R*°, m, n, p, q.
X, X* LY L7, A™ and A" signify the same as the formulae
(4) and (5). La and Lb signify the same as the formula (4-2).

A synthetic method thereof 1s such as to obtain by adding
monocarboxylic acid or monoalcohol to e-caprolactone to
start ring opening polymerization. Preferable specific
examples of monomers represented by the formulae (1), (1)
and (1-2) are described below but yet the invention 1s not
limited thereto.
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(A-1)

(A-3)

(A-5)

(A-7)

(A-9)

C5H1070_W—HC3H1?
O
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(A-11)

1
O—CoH—N - c(o CSHID—CT /\[\/\

T

O O

(A-13)

O—CyH,—N—C —(0 CSHIU—C>— /\E\/\
I
O O
\_Q (lf O— C5H10—C
O

In the formula (6), R’® denotes a hydrogen atom or an 55
alkyl group having 1 to 8 carbon atoms, and W' denotes a
single bond, a single linking group or a linking group
composed of an optional combination of 2 or more thereof,
selected from atomic groups represented by alkylene, alk-

enylene, cycloalkylene, phenylene, ether, thioether, ester,

60

carbonyl, amino, amide, sulfonylamido and urethane. A"'>
denotes a repeating unit composed of radical polymerizable
monomers such as (meth)acrylate, (meth)acrylonitrile, sty-
rene dertvative and (meth)acrylamides. Specific examples of 5
a macromonomer represented by the formula (6) include the

tollowing.

(A-2)
I
O_C2H4"'N_ﬁ O_Cme—'ﬁ O_HCSHH
O O O
10
(A-4)
H3
H
O—C,Hy;—N— ﬁ(o C5H10—C)— CH,
O H; CH;j
(A-0)

H
O—C2H4 N C O C5H10—C 'O' Cz&‘@
: !

(A-8)
O_CSHIU_HTO_HCSHIT
O
O 10
(A-10)
O_C2H4 O—ﬁ_C5H10 O_ﬁ_HCSHl?
O O O
10
(A-12)
H
O—C,IL—N— c~(o CSHIG—CT /\E\/\
I
O O
(A14)
H
0—C,H,—N— c-(o C?HM—CT /\E\/\
I
O O
(A-15)
m-1
h‘/[e
CH2=(‘2
COO—(CH,),S— A
m-2
h‘/Ie
CH,=—=C
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CH2= CH
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The weight-average molecular weight of the above-men-
tioned graft polymer is not particularly limited if 1t 1s 1,000
or more, and yet preferably 1 a range of 3,000 to 100,000,
more preferably 1n a range of 5,000 to 50,000 and far more
preferably 1n a range o1 10,000 to 30,000. A weight-average

molecular weight of 1,000 or more allows the effect of

stabilizing more eflectively, while a weight-average molecu-
lar weight of 100,000 or less allows more eflective adsorp-
tion to perform favorable dispersibility. In particular, the
weilght-average molecular weight of the branch 1s preferably
300 to 10,000, more preferably 500 to 5,000 and far more
preferably 1,000 to 3,000. The molecular weight of the
branch 1n the above-mentioned range brings particularly
tavorable developability and wide development latitude.

The graft polymer may contain a repeating unit composed
ol a macromonomer by only one kind or two kinds or more.
In the graft polymer, the content of a repeating unit com-
posed of a macromonomer 1s not particularly limited; pret-
erably 5% by mass or more, more preferably 40 to 90% by
mass and far more preferably 50 to 80% by mass 1n the case
where the total structural units contained 1n the polymer 1s

100% by mass.

The grait polymer particularly preferably has (1) a mono-
mer having an organic coloring matter structure or a het-

erocyclic structure from the viewpoint of adsorptive power
in the pigment.

(1) A monomer having an organic coloring matter struc-
ture or a heterocyclic structure 1s preferably a monomer
represented by the following formula (7), maleimide or
maleimide derivative, particularly preferably a monomer
represented by the following formula (7).
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(7)

YI_RZZ _Z4

In the formula (7), R*" denotes a hydrogen atom, or a
substituted or unsubstituted alkyl group. R** denotes a single

bond or a divalent linking group. Y' denotes —CO—,
—C(=0)0—, —CONH—, —OC(=0)— or a phenylene
group. Z* denotes a group having a nitrogen-containing
heterocyclic structure. In the formula (7), R*' denotes a
hydrogen atom, or a substituted or unsubstituted alkyl group.
The alkyl group 1s preferably an alkyl group having 1 to 12
carbon atoms, more preferably an alkyl group having 1 to 8
carbon atoms and particularly preferably an alkyl group
having 1 to 4 carbon atoms. In the case where the alkyl
group represented by R>" has a substituent, examples of the
substituent include a hydroxy group, an alkoxy group (prei-
erably having 1 to 5 carbon atoms, more preferably having
1 to 3 carbon atoms), a methoxy group, an ethoxy group and
a cyclohexyloxy group. Specific examples of the preferable
alkyl group represented by R*" include a methyl group, an
ethyl group, a propyl group, an n-butyl group, an 1sobutyl
group, a tert-butyl group, an n-hexyl group, a cyclohexyl
group, a 2-hydroxyethyl group, a 3-hydroxypropyl group, a
2-hydroxypropyl group and a 2-methoxyethyl group. A
hydrogen atom or a methyl group i1s the most preferable.

In the formula (7), R** denotes a single bond or a divalent
linking group. The divalent linking group 1s preferably a
substituted or unsubstituted alkylene group. The alkylene
group 1s prelerably an alkylene group having 1 to 12 carbon
atoms, more preferably an alkylene group having 1 to 12
carbon atoms, far more preferably an alkylene group having
1 to 8 carbon atoms and particularly preferably an alkylene
group having 1 to 4 carbon atoms. The alkylene group
represented by R** may be such as to be linked by two or
more through a hetero atom (such as a oxygen atom, a
nitrogen atom or a sulfur atom). Specific examples of the
preferable alkylene group represented by R** include a
methylene group, an ethylene group, a propylene group, a
trimethylene group and a tetramethylene group.

In the case where the preferable alkylene group repre-
sented by R** has a substituent, examples of the substituent
include a hydroxy group. The divalent linking group repre-
sented by R** may be such as to have a hetero atom selected

from —O— —S— —C(=0)0—, —CONH—, —C(=0)
S—, —NHCONH—, —NHC(=—0)0—, —NHC(=0)S—,
—0OC(=0)—, —OCONH— and —NHCO—, or a partial

structure containing the hetero atom 1n a terminal of the
above-mentioned alkylene group, and to be linked to Z*
through the hetero atom or the partial structure containing
the hetero atom.

In the formula (7), Z* denotes a group having a hetero-
cyclic structure. Examples of a group having a heterocyclic
structure include coloring matter structures of phthalocya-
nine, insoluble azo, azolake, anthraquinone, quinacridon,
dioxazine, diketopyrrolopyrrole, anthrapyridine, anthan-
throne, indanthrone, flavanthrone, perinone, perylene and
thioindigo, and heterocyclic structures such as thiophene,
furan, xanthene, pyrrole, pyrroline, pyrrolidine, dioxolane,
pyrazole, pyrazoline, pyrazolidine, imidazole, oxazole, thi-
azole, oxadiazole, triazole, thiadiazole, pyran, pyridine, pip-
eridine, dioxane, morpholine, pyridazine, pyrimidine, pip-
erazine, triazine, trithiane, 1soindolin, 1soindolinone,
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benzimidazolone, benzothiazole, succinimide, phthalimide,
naphthalimide, hydantoin, indole, quinoline, carbazole, acri-
dine, acridone, anthraquinone, pyrazine, tetrazole, phenothi-
azine, phenoxazine, benzimidazole, benztriazole, cyclic
amide, cyclic urea and cyclic imide. These heterocyclic
structures may have a substituent, and examples of the
substituent 1nclude an alkyl group, an alkoxy group, a
halogen atom, an aliphatic ester group, an aromatic ester
group and an alkoxycarbonyl group.

77 is more preferably a group having a nitrogen-contain-
ing heterocyclic structure having 6 or more carbon atoms,
particularly preferably a group having a nitrogen-containing,
heterocyclic structure having 6 to 12 carbon atoms. Specifi-
cally, a mitrogen-containing heterocyclic structure having 6
or more carbon atoms 1s preferably a phenothiazine ring, a
phenoxazine ring, an acridone ring, an anthraquinone ring,
a benzimidazole structure, a benztriazole structure, a benz-
thiazole structure, a cyclic amide structure, a cyclic urea
structure and a cyclic imide structure, particularly preferably
a structure represented by the following formulae (8), (9) or

(10).

(8)

L ] N me -y
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(10)
B3’Jﬁ‘hﬁ B4

In the formula (8), X denotes any selected from the group
consisting of a single bond, an alkylene group (such as a
methylene group, an ethylene group, a propylene group, a
trimethylene group and a tetramethylene group), —O—,

S—, —NR“— and —C(=—0)—. Here, R* denotes a
hydrogen atom or an alkyl group. The alkyl group in the case
where R denotes an alkyl group is preferably an alkyl group
having 1 to 18 carbon atoms, more preferably an alkyl group
having 1 to 6 carbon atoms; examples thereol include a
methyl group, an ethyl group, an n-propyl group, an 1sopro-
pyl group, an n-butyl group, a tert-butyl group, an n-hexyl
group, an n-octyl group, a 2-ethylhexyl group and an n-oc-
tadecyl group. Among the above, X° in the formula (8) is
preferably a single bond, a methylene group, —O— or
—(C(=0)—, particularly preferably —C(=0)—.

In the formula (10), B® and B* denote —N—, —NH—,
—N(R”)—, —S— or —O— each independently. R”
denotes an alkyl group, and the alkyl group in the case where
R” denotes an alkyl group is preferably an alkyl group
having 1 to 18 carbon atoms, more preferably an alkyl group
having 1 to 6 carbon atoms; examples thereof include a
methyl group, an ethyl group, an n-propyl group, an 1sopro-
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pyl group, an n-butyl group, a tert-butyl group, an n-hexyl
group, an n-octyl group, a 2-ethylhexyl group and an octa-
decyl group. Among the above, B’ and B* in the formula
(10) are particularly preferably —N—, —NH-— and
— N(R”)—. Examples of a combination of B® and B~
include an imidazolyl group as a combination such that one
of B® and B* is —N— and the other is —NH—.

In the formulae (8), (9) or (10), ring B', ring B?, ring C
and ring D denote an aromatic ring each independently.
Examples of the aromatic ring include a benzene ring, a
naphthalene ring, an indene ring, an azulene ring, a fluorene
ring, an anthracene ring, a pyridine ring, a pyrazine ring, a
pyrimidine ring, a pyrrole ring, an 1midazole ring, an indole
ring, a quinoline ring, an acridine ring, a phenothiazine ring,
a phenoxazine ring, an acridone ring and an anthraquinone
ring; among them, preferably a benzene ring, a naphthalene
ring, an anthracene ring, a pyridine ring, a phenoxazine ring,
an acridine ring, a phenothiazine ring, a phenoxazine ring,
an acridone ring and an anthraquinone ring, particularly
preferably a benzene ring, a naphthalene ring and a pyridine
ring.

Specific examples of ring B and ring B® in the formula
(8) include a benzene ring, a naphthalene ring, a pynidine
ring and a pyrazine ring. Examples of ring C 1n the formula
(9) include a benzene ring, a naphthalene ring, a pyridine
ring and a pyrazine ring. Examples of ring D 1n the formula
(10) include a benzene ring, a naphthalene ring, a pyrnidine
ring and a pyrazine ring. Among structures represented by
the formulae (8), (9) or (10), a benzene ring and a naphtha-
lene ring are more preferable 1n view of dispersibility and
temporal stability of fluid dispersion; in the formulae (8) or
(10), a benzene ring 1s far more preferable, and in the
formula (9), a naphthalene ring 1s far more preferable.

In a polymeric compound in the invention, preferable
specific examples ol a monomer represented by the above

formula (7), maleimide and maleimide derivative are
described below, but yet the invention 1s not limited thereto.
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The polymeric compound (A) of the mnvention may con-
tain a copolymerization unit derived from a monomer rep-
resented by the formula (7), maleimide and maleimide
derivative by only one kind or two kinds or more. In the
polymeric compound (A), the content of a copolymerization
unit dertved from a monomer represented by the formula (7),
maleimide and maleimide derivative 1s not particularly

limited; preferably 5% by mass or more, more preferably 10
to 50% by mass 1n the case where the total structural units
contained in the polymer 1s 100% by mass.

Among a monomer represented by the formula (7),
maleimide and maleimide derivative, a monomer repre-
sented by the formula (7) 1s preferable in view of high
adsorptivity in the pigment. That 1s, 1n order to eflectively
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viewpoint of developability 1n producing a color filter by a
photocurable composition containing a pigment dispersion
composition.

The polymeric compound (A) may be produced by an
ordinary radical polymerization method with the use of a
monomer represented by the formula (1), a polymerizable
oligomer (a macromonomer) and another radical polymer-
izable compound as a copolymerization component, for
example. A suspension polymerization method and a solu-
tion polymerization method are generally used. Examples of
solvent used for synthesizing such a specific polymer
include ethylene dichloride, cyclohexanone, methyl ethyl
ketone, acetone, methanol, ethanol, propanol, butanol, eth-
ylene glycol monomethyl ether, ethylene glycol monoethyl
cther, 2-methoxyethyl acetate, 1-methoxy-2-propanol,
1 -methoxy-2-propyl acetate, N,N-dimethylformamide, N,N-
dimethylacetamide, dimethyl sulfoxide, toluene, ethyl
acetate, methyl lactate and ethyl lactate. These solvents may
be mixed singly or by two kinds or more. In the radical
polymerization, a radical polymerization initiator may be
used and a chain transier agent (for example, 2-mercap-
toethanol and dodecyl mercaptan) may be further used.

(Terminal-Modified Polymer)

A terminal-modified polymer 1s a polymer such that the
main chain contains a repeating unit having an acid group of
the invention and the terminal has pigment and a functional
group with high afhnity. That 1s, the above-mentioned
straight-chain random copolymer may be directly used for
the main chain. With regard to a monomer used for copo-
lymerization, for example, the above-mentioned “a mono-
mer having an acid group (b)” and “a monomer composing
a block being not adsorbed 1n pigment (¢)” may be used as
a radical polymernizable monomer. The terminal-modified
polymer usable 1n the mvention 1s a polymer obtained by
performing modification described below at the terminal of
this straight-chain random copolymer.

There are no particular limitations to the method used for
synthesis of a polymer compound having a functional group
at the terminal of the polymer, however, examples thereof
include the following methods.

1. A synthesis method of polymerization using an initiator
for the functional group contained (for example, radical
polymerization, anionic polymerization, cationic polymer-
ization, and the like).

2. A synthesis method of radical polymerization using a
chain transfer agent for the functional group contained.
Examples of the functional group introduced here include a
group selected from an organic dye structure, a heterocyclic
structure, an acidic group, a group having a basic nitrogen
atom, a urea group, a urethane group, the group that has an
oxygen ligand, a hydrocarbon group with 4 or more carbon
atoms, an alkoxy silyl group, an epoxy group, an 1socyanate
group, a hydroxyl group, an ionic functional group and the
like.

Examples of the chain transfer agent able to introduce a
functional group at the polymer terminus include mercapto
compounds (such as, for example, thioglycolic acid, thio-
malic acid, thiosalicylic acid, 2-mercaptopropionic acid,
3-mercaptopropionic acid, 3-mercaptobutyric acid, N-(2-
mercaptopropyonyl)glycine, 2-mercaptonicotinic  acid,
3-[N-(2-mercaptoethyl)carbamoyl]propionic acid, 3-[N-(2-
mercaptoethyl)amino[propionic acid, N-(3-mercaptopropio-
nyl)alanine, 2-mercaptoethanesulionic acid, 3-mercaptopro-
panesulfonic  acid, 4-mercaptobutanesulionic  acid,
2-mercaptoethanol, 3-mercapto-1,2-propanediol, 1-mer-
capto-2-propanol, 3-mercapto-2-butanol, mercaptophenol,
2-mercaptoethylamine, 2-mercaptoimidazole, 2-mercapto-
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3-pyridinol, benzenethiol, toluenethiol, mercaptoacetophe-
none, naphthalenthiol, and naphthalenemethanethiol), disul-
fide compounds which are the oxidized compounds of the
foregoing mercapto compounds, and halogenated com-
pounds (such as, for example, 2-10odoethanesulfonic acid,
and 3-10dopropanesulfonic acid).

Examples of the polymerization initiator (polymerization
initiator of the functional group contained) used in synthe-
s1zing method 1 to introduce a functional group at the
polymer terminus include 2,2'-azobis(2-cyanopropanol),
2,2'-azobis(2-cyanopentanol),  4,4'-azobis(4-cyanovaleric
acid), 4,4'-azobis(4-cyanovaleric acid chloride), 2,2'-azobis
[ 2-(5-methyl-2-imidazoline-2-yl)propane], 2,2'-azobis|2-(2-
imidazoline-2-yl)propane], 2,2'-azobis[2-(3.4,5,6-tetrahy-
dropyrimidine-2-yl)propane], 2,2'-azobis{2-[1-(2-
hydroxyethyl)-2-imidazoline 2-yl]propane}, 2,2'-azobis|2-
methyl-N-(2-hydroxyethyl)-propionamide], and the like,
and denivatives thereof.

The molecular weight of the terminal modified polymer
compound 1s preferably a weight average molecular weight
of 1,000 to 50,000. The steric repulsion eflect as a pigment
dispersant can be more eflectively obtained when the num-
ber average molecular weight 1s 1,000 or more, and when the
number average molecular weight 50,000 or less the steric
ellect 1s more effectively suppressed and the duration of
adhesion to a pigment can be shortened further.

The amount of the polymeric compound (A) 1s preferably
s0 as to become 0.5 mass % to 100 mass % with respect to
the pigment, 3 mass % to 100 mass % 1s more preferable,
and 5 mass % to 80 mass % 1s particularly preferable.
When these polymeric compounds are used as pigment
dispersant within the above described ranges, suflicient
pigment dispersion eflect can be obtained. However, the
optimal amount of addition of the dispersant 1s suitably
adjusted according to the combination used of the pigment,
the kind of solvent and the like.

Pigment (B)

A pigment dispersion composition of the invention has at
least one kind of pigment (B) in organic solvent. Conven-
tionally known various inorganic pigments or organic pig-
ments may be properly selected and used as the pigment.
With regard to the particle size of the pigment, considering
that a color filter for which a pigment dispersion composi-
tion of the imvention 1s appropriately used 1s preferably high
in transmittance, organic pigments are preferable and
organic pigments having as small particle size as possible
are preferably used. Also considering handling ability of a
pigment dispersion composition and a photocurable com-
position containing this, the average primary particle diam-
cter of the pigment 1s preferably 10 nm or more and 100 nm
or less, more preferably 30 nm or less. The particle diameter
in the above-mentioned range brings high transmittance and
tavorable color characteristics, and 1s eflective in forming a
color filter having high contrast. The average primary par-
ticle diameter 1s obtained by observing with SEM or TEM
and measuring the size of 100 particles 1n the portion with
the particles not aggregated to calculate the average value.

Examples of the organic pigment may include:

C.I. PigmentRed 1, 2,3,4,5,6,7,9,10, 14, 17, 22, 23,
31, 38, 41, 48:1, 48:2, 48:3, 48:4, 49, 49:1, 49:2, 52:1, 52:2,
531 571 601 63:1, 66, 67 81:1, 81:2, 81:3, 83, 88 90,
105, 112, 119 122 123 144, 146, 149 150, 155, 166, 168,
169, 170, 171, 172, 175, 176, 177, 178, 179, 184, 185, 187,
188, 190, 200, 202, 206, 207, 208, 209, 210, 216, 220, 224,
226, 242, 246, 234, 255, 264, 270, 272, and 279;

C. I. Pigment Yellows 1,2,3,4,5, 6,10, 11, 12 13, 14,
15,16, 17,18, 20, 24, 31, 32,, 34,35,35:1, 36, 36:1, 37,371,
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40, 42, 43, 33, 55, 60, 61, 62, 63, 65,73, 74,77, 81, 83, 36,

93, 94, 95, 97, 98, 100, 101, 104, 106, 108, 109, 110, 113,
114, 115, 116, 117, 118, 119 120, 123, 125, 126, 127, 128,
129, 137, 138, 139, 147, 148, 150, 151, 1352, 153, 154, 155,
156, 161, 162, 164, 1606, 167, 168, 169, 170, 171, 172, 173,
174, 175, 176, 177, 179, 180, 181, 182, 185, 187, 188, 193,
194, ”99 213, and 214;

C. I. Pigment Orange 2, 5, 13, 16, 17:1, 31, 34, 36, 38, 43,
46, 48 49, 31, 52, 55, 59, 60 61 62 64 71 73;

C. I. Plgment Green 7, 10, 36, 37;

C. I. Pigment Blue 1, 2, 15, 15:1, 13:2, 13:3, 13:4, 15:6,
16, 22, 60, 64, 66, 79, a substituted one of Pigment Green 79
with hydroxyl group instead of chloro-group, 80;

C. I. Pigment Violet 1, 19, 23, 27, 32, 37, 42;

C. 1. Pigment Brown 25, 28;

C. I. Pigment Black 1, 7.

Among above, preferable examples of the organic pig-
ment 1n the exemplary embodiments of the present invention
may include:

C. I. Pigment yellows 11, 24, 108, 109, 110, 138, 139,
150, 151, 154, 167, 180, 185;

C. I. Pigment Orange 36, 71;

C. I. Pigment Reds 122, 150, 171, 175, 177, 209, 224,
242, 254, 255, 264;

. Pigment Vlolet 19, 23, 32;

. Pigment Blues 13:1, 15:3, 15:6, 16, 22, 60, 66;
. Pigment Green 7, 36 37;

. 1. Pigment Black 1, 7.

In the mvention, minute and granulated organic pigment
may be used as required.

The micronization of the pigment 1s the process for
triturating as a high-viscosity liquid composition with the
pigment, water-soluble organic solvent and water-soluble
inorganic salts.

A polymeric compound for covering the pigment and a
polymeric compound (A) of the invention may be added as
required 1n this process. The polymeric compound for cov-
ering the pigment optionally added is preferably solid at
room temperature and insoluble in water, and needs to be at
least partially soluble in water-soluble organic solvent used
for a wetting agent during salt milling; natural resin, modi-
fied natural resin, synthetic resin or synthetic resin modified
by natural resin are used therefor. In the case of using dried
treated pigment, a used compound 1s preferably solid at
room temperature.

Typical examples of natural resin include rosin, and
examples of modified natural resin include a rosin deriva-
tive, a cellulose derivative, a rubber derivative, a protein
derivative and an oligomer thereof. Examples of synthetic
resin include epoxy resin, acrylic resin, maleic resin, butyral
resin, polyester resin, melamine resin, phenolic resin and
polyurethane resin. Examples of synthetic resin modified by
natural resin include rosin-modified maleic resin and rosin-
modified phenolic resin. Examples of synthetic resin include
polyamideamine and salt thereof, polycarboxylic acid and
salt thereol, high-molecular weight unsaturated acid ester,
polyurethane, polyester, poly(meth)acrylate, (meth)acrylic
copolymer and naphthalenesulfonic acid formalin conden-
sate. With regard to the timing for adding these resins, all
may be added or divisions may be added at the beginning of
the salt milling process.

Examples of water-soluble organic solvent include metha-
nol, ethanol, 1sopropanol, n-propanol, 1sobutanol, n-butanol,
cthylene glycol, diethylene glycol, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, dieth-
ylene glycol monobutyl ether, propylene glycol and propyl-
ene glycol monomethyl ether acetate. However, if the use 1n

000!




US 9,442,372 B2

39

small amounts 1s adsorbed in the pigment without being
washed away 1n waste water, the following may be used:
benzene, toluene, xylene, ethyl benzene, chlorobenzene,
nitrobenzene, aniline, pyridine, quinoline, tetrahydrofuran,
dioxane, ethyl acetate, 1sopropyl acetate, butyl acetate,
hexane, heptane, octane, nonane, decane, undecane, dode-
cane, cyclohexane, methylcyclohexane, halogenated hydro-
carbon, acetone, methyl ethyl ketone, methyl 1sobutyl
ketone, cyclohexanone, dimethyliformamide, dimethyl sul-
foxide and N-methylpyrrolidone; also, the solvents of two
kinds or more may be used by mixture as required.

Examples of water-soluble inorganic salt in the invention
include sodium chloride, potassium chloride, calctum chlo-
ride, barium chloride and sodium sulfate.

The used amount of water-soluble morganic salt 1s 1 to 50
times by mass the amount of the pigment, and more amounts
bring more eflect of triturating but yet more preferable
amount 1s 1 to 10 times by mass in view of productivity, and
moisture 1s far more preferably 1% or less.

The used amount of water-soluble organic solvent 1s a
range of 50 to 300% by mass with respect to the pigment,
preferably a range of 100 to 200% by mass. A used amount
of less than 50% by mass renders uniform kneading difhicult
to bring a possibility of rendering particle size uneven. A
used amount of more than 300% by mass causes the kneaded
composition to be weakened too much and does not allow
the suflicient effect of micronizing for the reason that shear
1s applied to the kneaded composition with dificulty. The
operating conditions of a wet milling device 1n the invention
are not particularly limited and yet 1n order to eflectively
progress trituration by milling media, with regard to the
operating conditions in the case where the device 1s a
kneader, the number of revolutions of a blade 1n the device
1s preferably 10 to 200 rpm and 1t 1s preferable that relatively
higher rotation speed ratio of the double spindle brings more
ellect of triturating. The operating time 1s preferably 1 to 8
hours together with dry milling time, and the internal
temperature of the device 1s preferably 50 to 150° C. With
regard to water-soluble inorganic salt as milling media, it 1s
preferable that the granularity 1s 5 to 50 um, the distribution
of particle diameter 1s sharp and the shape 1s spherical. The
mixture after being triturated i1s dissolved in warm water
with water-soluble organic solvent and water-soluble 1nor-
ganic salts, and then filtered, washed in water and dried by
an oven to be capable of obtaining minute pigment.

These organic pigments may be used alone or, to raise the
color purity, may be used 1n combinations of two or more
thereol. Specific examples of such combinations are
described below. For example, red pigments that can be used
as a single pigment include an anthraquinone pigment, a
perylene pigment, and a diketopyrrolopyrrole pigment, and
one or more of these pigments may be used 1n combination
with a disazo yellow pigment, an 1soindoline yellow pig-
ment, a quinophthaline yellow pigment, or a perylene red
pigment, an anthraquinone red pigment, and/or a diketopy-
rrolopyrrole pigment. For example, the anthraquinone pig-
ment may be C. 1. Pigment Red 177, the perylene pigment
may be C. I. Pigment Red 155 or C. 1. Pigment Red 224, and
the diketopyrrolopyrrole pigment may be C. 1. Pigment Red
254. From the viewpoint of color reproducibility, a combi-
nation thereol with C. I. Pigment Yellow 83, C. 1. Pigment
Yellow 139 or C. 1. Pigment Red 177 1s preferable. The ratio
by mass of the red pigment to the yellow pigment i1s
preferably from 100:5 to 100:80. When the ratio 1s 100:4 or
below, 1t 1s difhicult to suppress transmittance of light from
400 nm to 500 nm, and sometimes the color purity cannot be
raised. Furthermore, 1f the ratio 1s 100:81 or above, then
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sometimes the color strength falls. In particular, the above
mass ratio 1s optimally in the range of 100:10 to 100:65.
When a combination of red pigments 1s used adjustments
may be made according to the chromaticity thereof.

Examples of a green pigment that can be used include a
halogenated phthalocyanine pigment used alone, and a halo-
genated phthalocyanine pigment used 1n combination with a
disazo vyellow pigment, a quinophthalone yellow pigment,
an azomethine yellow pigment and/or an 1soindoline yellow
pigment. Such examples include a mixture of C. 1. Pigment
Green 7, 36 or 37 with C. 1. Pigment Yellow 83, 138, 139,
150, 180 or 185. The ratio by mass of green pigment to
yellow pigment 1s preferably from 100:5 to 100:200. When
the ratio 1s less than 100:5, 1t becomes difficult to suppress
transmittance of light from 400 nm to 450 nm, and some-
times the color purity cannot be raised. Furthermore, if the
ratio exceeds 100:200, the main wave length 1s biased to the
long wavelength side, and sometimes there 1s a large dii-
ference to the target NTSC hue. The range of 100:20 to
100:150 1s particularly preferable for the above mass ratio.

Examples of a blue pigment include a phthalocyamne

pigment used alone, or a phthalocyanine pigment used in
combination with a dioxazine violet pigment.
A preferable example 1s a combination of C. I. Pigment Blue
15:6 with C. I. Pigment Violet 23. The ratio by mass of the
blue pigment to the violet pigment 1s preferably from 100:0
to 100:100, and 100:70 or below 1s more preferable.

Suitable pigments for use 1n a black matrix include carbon
black, graphite, titammum black, iron oxide, or titanium
oxide, either used singly or 1n combinations thereof, and a
combination of carbon black and titanium black 1s prefer-
able.

The mass ratio of carbon black to titamium black 1s prefer-
ably 1n the range of 100:0 to 100:60. When the mass ratio 1s
greater than 100:61 the dispersion stability may be reduced.

Pigment Derivative (C)

A pigment derivative (C) 1s added to a pigment dispersion
composition of the mvention as required. The pigment
derivative imto which a portion having aflinity with the
dispersant or a polar group 1s introduced 1s adsorbed 1n the
pigment surface and used as an adsorption site of the
dispersant, so that the pigment 1s dispersed as minute
particles into a photocurable composition and may be pre-
vented from reaggregating, thereby being effective 1n com-
posing a color filter having high contrast and excellent
transparency.

The pigment derivative 1s specifically a compound such
that organic pigment 1s used as the parent skeleton, and an
acidic group, a basic group and an aromatic group are
introduced as a substituent 1nto the side chain. Specific
examples of the organic pigment include quinacridon pig-
ment, phthalocyanine pigment, azo pigment, quinophtha-
lone pigment, 1soindolin pigment, isoindolinone pigment,
quinoline pigment, diketopyrrolopyrrole pigment and ben-
zimidazolone pigment. Generally, light-yellow aromatic
polycyclic compounds such as naphthalene, anthraquinone,
triazine and quinoline, which are not called coloring matter,
are also contained therein. The following may be used as a
coloring matter derivative, such as are described in JP-A
Nos. 11-49974, 11-189732, 10-245501, 2006-265528,
8-295810, 11-199796, 2003-234478, 2003-240938 and
2001-356210.

The content of the pigment derivative according to the
invention 1n a pigment dispersion composition 1s preferably
1 to 30% by mass, more preferably 3 to 20% by mass with
respect to the mass of the pigment. The content within the
above-mentioned range allows dispersion to be favorably
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performed while controlling viscosity low and allows dis-
persion stability after the dispersion to be improved, and
then high transmittance and excellent color characteristics
are obtained, so that high contrast having favorable color
characteristics may be composed 1n producing a color filter.
With regard to the timing for adding the pigment dertvative,
it may be added during salt milling or dispersion.

A polymeric compound (A) having an acid group of the
invention 1s used as a dispersant, and the following known
dispersants may be used together therewith. Thus, a disper-
s10on state of the pigment 1n organic solvent becomes further
tavorable, and high developability and surface smoothness
may be developed even 1n the case of containing the pigment
at high concentration, for example, 1n composing a color
filter. Examples of known dispersants include polymeric
dispersants [such as polyamideamine and salt thereof, poly-
carboxylic acid and salt thereof, high-molecular weight
unsaturated acid ester, modified polyurethane, modified
polyester, modified poly(meth)acrylate, (meth)acrylic copo-
lymer and naphthalenesulfonic acid formalin condensate],
and surface-active agents such as polyoxyethylene alkyl
phosphate, polyoxyethylene alkylamine and alkanolamine.

A dispersant capable of being used together 1n the mnven-
tion 1s preferably a graft polymer, a terminal-modified
polymer and a block polymer, not having an acid group of
the invention, particularly preferably among them, a graft
polymer contaming a copolymerization unit derived from a
monomer having an organic coloring matter structure or a
heterocyclic structure, and a terminal-modified polymer
having as a terminal group a group having an organic
coloring matter structure, a heterocyclic structure, an acidic
group and a basic nitrogen atom, an urea group or an
urethane group.

Examples of a commercial product of a graft polymeric
dispersant capable of being used together in the mmvention

include “trade name: SOL-SPERSE 24000, 28000, 32000,
383500, 39000 and 55000, manufactured by Lubrizol Corp.
and “trade name: Disperbyk-161, 171 and 1747, manufac-
tured by BYK Chemie, examples of a commercial product
ol a terminal-modified polymeric dispersant include “trade
name: SOL-SPERSE 3000, 17000 and 27000, manufac-
tured by Lubrizol Corp., and examples of a commercial
product of a block polymeric dispersant include “trade
name: Disperbyk-2000 and 20017, manufactured by BYK.
Chemie and “trade name: EFKA4330 and 43407, manufac-
tured by EFKA.

The ratio of the polymeric compound (A) to known
dispersants in the case of using known dispersants together
1s not particularly limited and yet preferably 10/90 or more,
particularly preferably 20/80 or more. An amount of the
polymeric compound (A) less than 10/90 deviates from the
spirit of the imnvention, and the pigment 1s so easily aggre-
gated by the interaction with known dispersants that pre-
servability of a pigment dispersion composition 1s deterio-
rated. The ratio of a polymeric compound for covering the
pigment to a polymeric compound added during the disper-
s1on 1s preferably 10/90 to 50/50, more preferably 15/85 to
30/70. An amount of the polymeric compound for covering
the pigment more than this amount 1s not preferable for the
reason that the micronization of the pigment progresses with
difficulty.

The polymeric compound (A) having an acid group of the
invention may be used in eirther of the salt milling process
and the dispersing process, preferably 1n the dispersing
process. Also, the compound may be used 1n both of the salt
milling process and the dispersing process. Further, the
polymeric compound (A) may be added and used in the
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process of preparing a photocurable composition by using
pigment fluid dispersion having the polymeric compound
(A) having an acid group of the mvention.

—Preparation of a Pigment Dispersion Composition—

The preparation mode of a pigment dispersion composi-
tion of the invention 1s not particularly limited, for example,
which composition may be obtained by performing finely
dispersed treatment for pigment, dispersant and solvent with
beads made of glass and zirconia having a particle diameter
of 0.01 to 1 mm by using vertical type or horizontal type
sand mill, pin mill, slitting mill and ultrasonic disperser.

Kneaded dispersed treatment may be also performed
while applying strong shear force by using twin roll mill,
triple roll mill, ball mill, thoron mill, disper, kneader,
co-kneader, homogenizer, blender and uniaxial or biaxial
extruder before performing beads dispersion.

Details regarding mixing, kneading and dispersion are
described 1n “Paint Flow and Pigment Dispersion”, by T. C.
Patton (published by John Wiley and Sons Co. 1964) and the
like.

A pigment dispersion composition of the invention 1is
appropriately used for a colored photocurable composition
used for producing a color filter.

A photocurable composition of the invention contains the
above-mentioned pigment dispersion composition of the
invention, alkali-soluble resin, a photo-polymerizable com-
pound and a photo polymerization mitiator, and may contain
other components as required. The details of the pigment
dispersion composition of the mmvention are as described
above. Each component 1s hereinafter described 1n detail.

The alkali soluble resin 1s a linear organic polymer, and
may be suitably selected from an alkal1 soluble resin having
at least one group within the molecule (preferably a mol-
ecule with an acrylic copolymer or a styrene copolymer as
a main chain) promoting alkali solubility (such as, for
example, a carboxyl group, a phosphoric acid group, or a
sulfonic acid group). Among these, resins which are soluble
in an organic solvent and developable by a weak alkali
aqueous solution are still more preferable.

A known radical polymerization method 1s, for example,
applicable for production of the alkali soluble resin.

Polymerization conditions during manufacturing the
alkal1 soluble resin with a radical polymerization method,
such as the temperature, pressure, type of radical initiator
and amount thereof, type of solvent, and the like are easily
determined by a person skilled 1n the art, and the conditions
can be dertved experimentally.

The linear organic polymer preferably 1s a polymer hav-
ing a carboxylic acid group in a side chain thereof. Prefer-
able examples include, for example, a methacrylic acid
copolymer, an acrylic acid copolymer, an itaconic acid
copolymer, a crotonic acid copolymer, a maleic acid copo-

lymer, a partially esterified maleic acid copolymer, or the
like as described 1n JP-A No. 59-44615, JP-B No. 54-34327,

JP-B No. 358-12577, IP-B No. 34-25957, JP-A No.
59-53836, and JP-A No. 59-71048, an acidic cellulose
derivative having carboxylic acid in a side chain, and a
polymer having a hydroxyl group to which an acid anhy-
dride has been added, and a polymer which has an (meth)
acryloyl group 1n a side chain.

Among these, a benzyl(meth)acrylate/(meth)acrylic acid
copolymer, and a multi-component copolymer configured
from  benzyl(meth)acrylate/(meth)acrylic  acid/another
monomer are preferred. Besides these, products produced by
copolymerization with 2-hydroxyethyl methacrylate are also
ellective. These polymers may be used 1n the photocurable
composition of the mvention mixed with a given amount.
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Besides the above, other examples include a 2-hydroxy-
propyl(meta)acrylate/polystyrene  macro-monomer/benzyl
methacrylate/methacrylic acid copolymer, and a 2-hydroxy-
3-phenoxypropylacrylate/polymethylmethacrylate  macro-
monomer/benzyl methacrylate/methacrylic acid copolymer,
a 2-hydroxyethyl methacrylate/polystyrene macro-mono-
mer/methyl methacrylate/methacrylic acid copolymer, and a
2-hydroxyethyl methacrylate/polystyrene macro-monomer/
benzyl methacrylate/methacrylic acid copolymer, as
described 1n JP-A No. 7-140654, and the like.

A specific constitutional unit of alkali-soluble resin 1s
particularly appropriately a copolymer of (meth)acrylic acid
and another monomer copolymerizable therewith. Here,
(meth)acrylic acid 1s a generic name for acrylic acid and
methacrylic acid, and so forth, (meth)acrylate 1s a generic
name for acrylate and methacrylate.

Examples of other monomers copolymerizable with

(meth)acrylic acid include alkyl(meth)acrylates, aryl(meth)
acrylates, vinyl compounds, and the like. Here, the hydrogen
atom(s) of the alkyl group and the aryl group may be
substituted by a substituent.
Specific examples of the alkyl(meth)acrylates and aryl
(meth)acrylates include methyl (meth)acrylate, ethyl(meth)
acrylate, propyl(meth)acrylate, butyl(meth)acrylate, 1sobu-
tyl(meth)acrylate,  pentyl(meth)acrylate,  hexyl(meth)
acrylate, octyl(meth)acrylate, phenyl(meth)acrylate, benzyl
(meth)acrylate, tolyl(meth)acrylate, naphthyl(meth)acrylate,
and cyclohexyl(meth)acrylate.

Examples of the vinyl compounds include, for example,
styrene, a-methylstyrene, vinyltoluene, glycidyl methacry-
late, acrylonitrile, vinyl acetate, N-vinyl pyrrolidone, tetra-
hydrofurturyl methacrylate, a polystyrene macro-monomer,
a polymethylmethacrylate macro-monomer, CH,—CR>'
R**, CH,—C(R*")(COOR>) (wherein R*' represents a
hydrogen atom or an alkyl group of 1 to 5 carbon atoms, R**
represents an aromatic hydrocarbon ring of 6 to 10 carbon
atoms, and R*’ represents an alkyl group of 1 to 8 carbon
atoms, or an aralkyl group of 6 to 12 carbon atoms.

These other copolymerizable monomers may be used
singly or in combinations of two or more thereof. Preferable
other copolymerizable monomers include at least one mono-
mer selected from CH,—CR*'R**, CH,=—C(R*")
(COOR>®), phenyl(meth)acrylate, benzyl(meth)acrylate,
and/or styrene, and particularly preferable is CH,—CR*'R>>
and/or CH,—C(R*")(COOR*).

The amount contained of alkali soluble resin in the
colored curable composition, 1s preferably 1 to 15 mass %
with respect to the total solids of the composition, 1s more
preferably 2 to 12 mass %, and 1s particularly preferably 3
to 10 mass %.

The photo-polymerizable compound has at least one
cthylenically unsaturated group at which addition polymer-
1ization 1s possible, a compound with a boiling temperature
at normal pressure of 100° C. or above 1s preferable there-
fore, and an acrylate compound with four or more functions
1s more preferable.

Examples of the compounds having an at least one
cthylenically unsaturated group at which addition polymer-
ization 1s possible and having a boiling temperature at
normal pressure of 100° C. or above include: monofunc-
tional acrylates and methacrylates, such as polyethylene
glycol mono-(meth)acrylate, polypropylene glycol mono-
(meth)acrylate, and phenoxyethyl(meth)acrylate; and poly-
functional acrylates and methacrylates, such as polyethylene
glycol di(meth)acrylate, trimethylolethane tri{imeth)acrylate,
neopentyl glycol di(meth)acrylate, pentaerythritol tri{meth)
acrylate, pentaerythritol tetra(meth)acrylate, dipentaerythri-
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tol hexa(meth)acrylate, hexandiol(meth)acrylate, trimethyl-
olpropane tri(acryloyloxypropyl)ether, tri(acryloyloxyethyl)
1socyanurate, compounds obtained by (meth)acrylation after
adding ethylene oxide or propylene oxide to a polytunc-
tional alcohol, such as glycerin, and trimethylolethane,
compounds obtained by poly(meth)acrylation of pentaeryth-
ritol or dipentaerythritol described in JP-B No. 48-41708,
JP-B No. 50-6034, and JP-A No. 51-37193, and the poly-
ester acrylates, epoxy acrylates that are the resultant prod-
ucts ol reacting an epoxy resin and (meth)acrylic acid
described in JP-A No. 48-64183, JP-B No. 49-43191, JP-B
No. 52-30490. The photo-curable monomers and oligomers
introduced 1n Nippon Secchaku Kyokai Shi [Journal of the
Adhesion Society of Japan]| Vol. 20, No. 7 pages 300-308
can also be used.

The specific examples of Formula (1) and (2) 1n JP-A No.
10-62986A, and the described compounds therein obtained
by (meth)acrylation after adding ethyleneoxide and propyl-
ene oxide 1n a polylunctional alcohol, can also be used.

Among them, dipentaerythritol penta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate and a structure such
that these acryloyl groups are through ethylene glycol and
propylene glycol residue are preferable. These oligomer
types may be also used.

Preferable compounds also include urethane acrylates,

such as those described in JP-B No. 48-41708, JP-A No.
51-37193, JP-A No. 2-32293, JP-A No. 2-16765, and ure-
thane compounds which have an ethyleneoxide skeleton, as

described 1n JP-B No. 58-49860, JP-B No. 56-17654, JP-B
No. 62-39417, and JP-B No. 62-39418. Furthermore,
polymerizable compositions with extremely excellent sen-
sitization speed, depending on use, may be obtained by

using the addition polymerizable compounds having an
amino structure and a sulfide structure within their mol-

ecules, as described 1n JP-A No. 63-277653, JP-A No.
63-260909, and JP-A No. 1-105238.
Examples of commercial products thereof include urethane

oligomers UAS-10, UAB-140 (trade names, made by
Sanyo-Kokusaku Pulp Co., Ltd.), UA-7200 (trade name,
made by Shin Nakamura Kagaku Co., Ltd.), DPHA-40H

(trade names, made by Nippon Kayaku Co., Ltd.),
UA-306H, UA-306T, UA-3061, AH-600, T-600, AI-600
(trade names, made by Kyoeisha Co., Ltd.), and the like.

A photo-polymerizable compound may be used singly by
one kind or by combination of two kinds or more. The
content of a photo-polymerizable compound 1n a photocur-
able composition 1s preferably 3 to 55% by mass, more
preferably 10 to 50% by mass with respect to 100 parts by
mass ol the total solid content of the composition. The
content of a photo-polymerizable compound within the
above-mentioned range allows curing reaction to be suil-
ciently performed.

<Photopolymerization Initiator>
Examples of the photopolymerization initiator include, for
example: a halomethyl oxadiazole, as described 1n JP-A No.

57-6096; activitated halogenated compounds, such as
halomethyl-s-triazine described 1n JP-B No. 59-1281, JP-A

No. 53-133428, and the like:

aromatic carbonyl compounds, such as ketal, acetal or
benzoin alkyl ethers, as described in the specifications of
U.S. Pat. No. 4,318,791 and European Patent Application
Laid-Open No. EP-88030 and the like; aromatic ketone
compounds, such as the benzophenone described in the
specification of U.S. Pat. No. 4,199,420; (thio)xanthone

compounds and acridine compounds, as described 1n the
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specification of Fr-2456741; coumarin compounds and
buimidazole compounds, as described 1n JP-A No. 10-62986;
and

organosulfonium boron complexes, such as those described
in JP-A No. 8-015521; and the like.

Preferred examples of the photopolymerization initiator
include acetophenone-, ketal-, benzophenone-, benzoin-,
benzoyl-, xanthone-, activated halogenated compound-(tri-
azine-, halomethyl oxadiazole-, coumarin-), acridines-,
biimidazole-, and oxime ester-initiators.

Preferred examples of acetophenone-photopolymeriza-
tion 1mitiators include 2,2-diethoxyacetophenone, p-dimeth-
ylamino acetophenone, 2-hydroxy-2-methyl-1-phenyl-pro-
pan-1-one, p-dimethylamino acetophenone, 4'-1sopropyl-2-
hydroxy-2-methyl-propiophenone, 1-hydroxy-cyclohexyl
phenyl  ketone,  2-benzyl-2-dimethylamino-1-(4-mor-
pholinophenyl)-butanone-1,2-tolyl-2-dimethylamino-1-(4-
morpholinophenyl)-butanone-1, and 2-methyl-1-[4-(meth-
ylthio)phenyl]-2-morpholino-propanone-1.

Preferred examples of ketal-photopolymerization initia-
tors include benzyl dimethyl ketal, benzyl-3-methoxy ethyl
acetal, and the like.

Preferred examples of benzophenone-photopolymeriza-
tion mtiators include benzophenone, 4.,4'.-(bisdimethyl-
amino )benzophenone, 4,4'-(bisdiethylamino)benzophenone,
and 4,4'-dichloro benzophenone.

Preferred examples of benzoin- or benzovl-photopoly-
merization initiators include benzoin 1sopropyl ether, ben-
zoin 1sobutyl ether, benzoin methyl ether, methyl-o-benzo-
ylbenzoate, and the like.

Preferred examples of xanthone-photopolymerization 1ni-
tiators 1include diethylthioxanthone, dusopropylthioxantone,
mono 1sopropyl thioxantone, chlorothioxantone, and the
like.

Preferred examples of activated halogen photopolymer-
1zation 1nitiators (triazine-, oxadiazole-, coumarin-initiators)
include 2.,4-bis(trichloromethyl)-6-p-methoxyphenyl-s-tri-
azine, 2.,4-bis(trichloromethyl)-6-p-methoxy styryl-s-triaz-
ine, 2.,4-bis(trichloromethyl)-6-(1-p-dimethylaminophenyl)-
1,3-butadienyl-s-triazine, 2.,4-bis(trichloromethyl)-6-
biphenyl-s-triazine, 2,4-bis(trichloromethyl)-6-(p-
methylbiphenyl)-s-triazine, p-hydroxyethoxystyryl-2,6-di
(trichloromethyl)-s-triazine, methoxystyryl 2,6-d1
(trichloromethyl)-s-triazine, 3.,4-dimethoxystyryl-2,6-d1
(trichloromethyl)-s-triazine, 4-benzoxolane-2,6-d1
(trichloromethyl)-s-triazine, 4-(o-bromo-p-N,N-(diethoxy
carbonylamino)-phenyl)-2,6-di(chloromethyl)-s-triazine,
4-(p-N,N-(diethoxycarbonylamino)-phenyl)-2,6-di(chlo-
romethyl)-s-triazine, 2-trichloromethyl-5-styryl-1,3,4-0xo-
diazole, 2-trichloromethyl-3-(cyanostyryl)-1,3,4-oxodiaz-
ole, 2-trichloromethyl-5-(naphth-1-y1)-1,3,4-0x0 diazole,
2-trichloromethyl-5-(4-styryl)styryl-1,3,4-oxodiazole,
3-methyl-5-amino-((s-triazine-2-yl Jamino )-3-phenylcou-
marin, 3-chloro-5-diethylamino-((s-triazine-2-yl)amino)-3-
phenylcoumarin, 3-butyl-5-dimethylamino-((s-triazine-2-
yl)amino)-3-phenylcoumarin, and the like.

Preferred examples acridine-photopolymerization initia-
tors 1nclude 9-phenylacridine, 1,7-bis(9-acridinyl)heptane,
and the like.

Preferred examples of biimidazole-photopolymerization
initiators include 2-(o-chlorophenyl)-4,5-diphenyl 1mida-
zolyl dimer, 2-(o-methoxyphenyl)-4,5-diphenyl imidazolyl
dimer, 2-(2,4-dimethoxyphenyl)-4,5-diphenyl 1midazolyl
dimer, and the like.
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Other examples thereof, 1n addition to the above, include
1-phenyl-1,2-propanedione-2-(o-ethoxycarbonyl)oxime,
O-benzoyl-4'-(benzmercapto )benzoyl-hexyl-ketoxime, 2.4,
6-trimethyl phenylcarbonyl diphenylphosphonyl oxide, salts
of hexafluoro-phosphoro-trialkylphenylphosphonium, and

the like.

In the present invention, there 1s no limitation to the above
photopolymerization imitiators, and other known imitiators
can be used. Examples thereof include: vicinal polyketola-
ldonyl compounds, as described 1n the specification of U.S.
Pat. No. 2,367,660; a-carbonyl compounds, as described 1n
the specification of U.S. Pat. Nos. 2,367,661 and 2,367,670,
acyloin ethers, as described in the specification of U.S. Pat.
No. 2,448,828; aromatic acyloin compounds substituted
with an a-hydrocarbon, as described in the specification of
U.S. Pat. No. 2,722,512; polynuclear quinone compounds,
as described 1n the specification of U.S. Pat. Nos. 3,046,127
and 2,951,758; combinations of triarylimidazole dimer/p-
aminophenyl ketone, as described in the specification of
U.S. Pat. No. 3,549,3677; benzothiazole compound/trihalom-
cthyl-s-triazine compound, as described in JP-B No.
51-48516; oxime ester compounds, as described 1 J. C. S.
Perkin II (1979) 1653-1660, J. C. S. Perkin II (1979)
156-162, Journal of Photopolymer Science and Technology
(1995) 202-232, and 1n JP-A No. 2000-66385; and the like.
These photopolymerization initiators can also be used 1n
combinations thereof.

The amount contained of photopolymerization 1nitiator in
the photo-curable composition 1s preferably 0.1 mass % to
10.0 mass %, and 1s more preferably 0.5 mass % to 5.0 mass
%, with respect to the total solids of the composition. When
the amount contained of photopolymerization initiator 1s
within these ranges then there 1s good polymerization reac-
tion promotion and film formation with good strength 1s
possible.

—Sensitizing Dye—

In the present invention, a sensitizing dye 1s preferably
added as required. The radical generating reaction of the
polymerization 1nitiator component 1s promoted by light-
exposure of the wavelengths absorbed by the sensitizing
dye, and the polymerization reaction of the polymerizable
compound 1s promoted thereby. Examples of such a sensi-
tizing dye include known spectral sensitizing dyes or colo-
rants, or dyes or colorants that absorb light and 1nteract with
the photopolymerization 1nitiator.

(Spectral Sensitizing Dye or Dye)

Examples of preferable spectral sensitizing dyes or colorants
used for the sensitization dye for the present mvention
include: polynuclear aromatics (for example, pyrene,
perylene, triphenylene); xanthenes (for example, fluores-
cein, eosin, erythrosin, rhodamine B, rose bengal; cyanines
(for example, thiacarbocyanine, oxacarbocyanine); mero-
cyanines (for example, merocyanine, carbomerocyanine);
thiazines (for example, thionine, methylene blue and tolui-
dine blue); acridines (for example, acridine orange, chloro-
flavin, acriflavine); phthalocyanines (for example, phthalo-
cyanine, metal phthalocyamnes); porphyrins (for example,
tetraphenylporphyrin, central metal-substituted porphyrins);
chlorophylls (for example, chlorophyll, chlorophyllin, cen-
tral metal-substituted chlorophyll); metal complexes (for
example, the following compounds); anthraquinones (for
example, anthraquinone); squaryliums (for example, squary-
lium); and the like.
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More preferable examples of the spectral sensitizing dyes
include styryl-based dyes described 1in JP-B No. 37-13034,
cation dyes described in JP-A No. 62-143044, quinox-
alinium salts described 1n JP-B No. 59-24147, novel meth-
ylene blue compounds described in JP-A No. 64-33104,
anthraquinones described 1n JP-A No. 64-56767, benzoxan-
thene dyes described mm JP-A No. 2-1714, acridines
described 1n JP-A No. 2-226148 and JP-A No. 2-226149,
pyrylium salts described in JP-B No. 40-28499, cyanines
described in JP-B No. 46-42363, benzofuran dyes described
in JP-A No. 2-63033, conjugate ketone dyes described 1n
JP-A No. 2-83858 and JP-A No. 2-216154, dyes described
in JP-A No. 357-10605, azocinnamylidene derivatives
described 1 JP-B No. 2-30321, cyanine-based dyes
described 1 JP-A No. 1-2871035, xanthene-based dyes
described 1n JP-A No. 62-31844, JP-A No. 62-31848, and
JP-A No. 62-143043, aminostyryl ketones described 1n JP-B
No. 59-28325, dyes described 1n JP-A No. 2-179643, mero-
cyanine dyes described in JP-A No. 2-244050, melocyanine
dyes described in JP-B No. 59-28326, merocyanine dyes
described 1 JP-A No. 59-89303, merocyanine dyes
described 1n JP-A No. 8-129257, and benzopyran-based
dyes described in JP-A No. 8-334897.

(Dyes Having Absorption Maximum Wavelength at 350
nm to 450 nm)
Examples of other preferable embodiments of sensitizing
dyes include compounds belonging to the following groups
of dyes having an absorption maximum wavelength at 350
nm to 450 nm. Examples include: polynuclear aromatics (for
example, pyrene, perylene and triphenylene); xanthenes (for
example, fluorescein, eosin, erythrosine, rhodamine B, and
rose bengal); cyanines (for example, thiacarbocyanine and
oxacarbocyanine); merocyanines (for example, merocya-
nine and carbomerocyanine); thiazines (for example, thio-
nine, methylene blue and toluidine blue); acridines (for
example, acridine orange, chloroflavin, acriflavine); anthra-
quinones (for example, anthraquinone); and squaryliums
(for example, squarylium).

More preferable examples of sensitizing dyes include the
compounds represented by the following Formulae (XIV) to

(XVIID).

(XIV)

In Formula (XIV), A" represents a sulfur atom or NR>°,
R>Y represents an alkyl group or an aryl group, L* represents
a nonmetallic atom group which forms the basic nucleus of
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a dye in combination with adjoining A" and the adjacent
carbon atom, R”' and R°* each independently represent a
hydrogen atom or a monovalent group of nonmetallic atoms,
and R>" and R>* may be joined together and form an acidic
nucleus of a dye. W represents an oxygen atom or a sulfur
atom. Specific preferable examples of compounds repre-

sented by Formula (XIV) are shown i [(F-1) to (F-3)]
below.
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(In Formula (XV), Ar' and Ar® each independently rep-
resents an aryl group, and Ar' and Ar® are connected together
by -L3-. L° represents —O— or —S—. W has the same
meaning as indicated for W 1n Formula (XIV). Preferable

examples of compounds represented by Formula (XV) are
shown 1n [(F-6) to (F-8)] below.
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o (F-6)
a
\ S
. (F-7)
/\‘)JD\
NP PN O/
o (F-8)
hO D
) N P N
O
(XVI)

(In Formula (XVI), A” represents a sulfur atom or NR>”,
L* represents a nonmetallic atom group which forms a basic

nucleus of a dye in combination with adjoining A and the
adjacent carbon atom, R, R>*, R>>, R*>°, R*’, and R>® each
independently represents a monovalent group of nonmetallic

atoms, and R>” represents an alkyl group or an aryl group.

Preferable examples of compounds represented with For-
mula (XVI) are shown m [(F-9) to (F-11)] below.

(F-9)
O
4 ‘ > X
A N P
(F-10)
O
= ‘ > AN
AN N F
| \
F
(F-11)
O
7 ‘-——--"S
X TN

10

15

20

25

30

35

40

45

50

55

60

65

50

-continued
(XVII)
Rﬁl RGZ
‘f##--"" / \ -l"'""-“
Lf 16
. I AS O A4 ) ‘i"

b R

(In Formula (XVII), A® and A* each independently rep-
resents —S— or —NR®’, R®’ represents a substituted or
unsubstituted alkyl group or a substituted or unsubstituted
aryl group, L° and L° each independently represents a
nonmetallic atom group and forms a basic nucleus of a dye
in combination with the respective adjoining A, A* and
adjacent carbon atom, R°' and R®” are each independently a
monovalent group of nonmetallic atoms, or R®' and R°* are
jomed together to form an aliphatic or aromatic ring).

Preferable examples of compounds represented by Formula
(XVII) are shown 1n [(F-12) to (F-15)] below.

(F-12)

O
AN N N P
‘ . ‘ (F-13)
A N N F
bt b,
. (F-14)
Z S S
<
L L
o (F-15)
AN N N S

il Q o

Compounds according to the following formula (XVIII)
are also preferable examples of the sensitizing dye used for
the present invention.

(XVIII)

In the formula (XVIII), A” represents an optionally sub-
stituted aromatic ring or heterocycle, X represents an oxygen
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atom, a sulfur atom, or —N(P')—, and Y represents an
oxygen atom, a sulfur atom, or —N(P')—. P', P*, and P°
cach mndependently represents a hydrogen atom or a mon-
ovalent group of nonmetal atoms. A”, P*, P*, and P° may be
combined with each other to form an aliphatic or aromatic
ring. When R', R?, and R’ each represents a monovalent
group ol nonmetal atoms, and preferably represents a sub-
stituted or unsubstituted alkyl group or aryl group.

When P!, P%, and P> each represents a monovalent group
of nonmetal atoms, and preferably represents a substituted
or unsubstituted alkyl group or aryl group. Specific prefer-
able examples of P', P?, and P° are described below. Pref-
erable examples of the alkyl group include linear, branched,
and cyclic alkyl groups having 1 to 20 carbon atoms, and
specific examples thereof include methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, hexadecyl, octadecyl, eicosyl, 1sopropyl,
1sobutyl, s-butyl, t-butyl, isopentyl, neopentyl, 1-methylbu-
tyl, 1sohexyl, 2-ethylhexyl, 2-methylhexyl, cyclohexyl,
Cyclopentyl and 2-norbornyl groups. Among them, straight-
chain alkyl groups having 1 to 12 carbon atoms, branched-
chain alkyl groups having 3 to 12 carbon atoms, and cyclic
alkyl group having 5 to 10 carbon atoms are more prefer-
able.

The substituent group 1n the substituted alkyl groups 1s a
group ol monovalent non-metal atomic groups excluding a
hydrogen atom; and preferable examples thereol include
halogen atoms (—F, —Br, —CI1, and —1I); hydroxyl, alkoxy,
aryloxy, mercapto, aklylthio, arylthio, alkyldithio, aryldi-
thio, amino, N-alkylamino, N,N-dialkylamino, N-ary-
lamino, N,N-diarylamino, N-alkyl-N-arylamino, acyloxy,
carbamoyloxy, N-alkylcarbamoyloxy, N-arylcarbamoyloxy,
N,N-dialkylcarbamoyloxy, N,N-diarylcarbamoyloxy,
N-alkyl-N-arylcarbamoyloxy, alkylsulioxy, arylsulioxy,
acylthio, acylamino, N-alkylacylamino, N-arylacylamino,
ureido, N'-alkylureido, N'.N'-dialkylureido, N'-arylureido,
N'.N'-diarylureido, N'-alkyl-N'-arylureido, N'-alkylureido,
N-arylureido, N'-alkyl-N-alkylureido, N'-alkyl-N-arylu-
reido, N'N'-dialkyl-N-alkylureido, N'.N'-dialkyl-N-arylu-
reido, N'-aryl-N-alkylureido, N'-aryl-N-arylureido, N',N'-
diaryl-N-alkylureido, N'.N'-diaryl-N-arylureido, N'-alkyl-
N'-aryl-N-alkylureido, N'-alkyl-N'-aryl-N-arylureido,
alkoxycarbonylamino, aryloxycarbonylamino, N-alkyl-N-
alkoxycarbonylamino, N-alkyl-N-aryloxycarbonylamino,
N-aryl-N-alkoxycarbonylamino,  N-aryl-N-aryloxycarbo-
nylamino, formyl, acyl(R**CO—), carboxyl, alkoxycarbo-
nyl, aryloxycarbonyl, carbamoyl, N-alkylcarbamoyl, IN,N-
dialkylcarbamoyl, N-arylcarbamoyl, N,N-diarylcarbamoyl,
N-alkyl-N-arylcarbamoyl, alkylsulfinyl, arylsulfinyl, alkyl-
sulfonyl, arylsulfonyl, sulfo (—SO,H) and the conjugate
base (referred to as sulfonato), alkoxysulfonyl, aryloxysul-
fonyl, sulfinamoyl, N-alkylsulfinamoyl, N,N-dialkylsulfi-
namoyl, N-arylsulfinamoyl, N,N-diarylsulfinamoy],
N-alkyl-N-arylsulfinamoyl, sulfamoyl, N-alkylsulfamoyl,
N.,N-dialkylsulfamoyl, N-arylsulfamoyl, N,N-diarylsulia-
moyl, N-alkyl-N-arylsultamoyl, phosphono (—PO,H,) and
the conjugate base (referred to as phosphonato), dialkyl-
phosphono (—PO,(alkyl),), diarylphosphono (—PO,
(aryl),), alkylarylphosphono (—PO,(alkyl)(aryl)), mono-
alkylphosphono (—PO.H(alkyl)) and the conjugate base
(referred to as alkylphosphonato), monoarylphosphono
(—POsH(aryl)) and the conjugate base (referred to as aryl-
phosphonato), phosphonooxy (—OPO,H,) and the conju-

gate base (referred to as phosphonatooxy), dialkylphospho-
nooxy (—OPO;H(alkyl),), diarylphosphonooxy (—OPO,

(aryl),), alkylarylphosphonooxy (—OPO,(alkyl)(aryl)),
monoalkylphosphonooxy (—OPO;H(alkyl)) and the conju-
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gate base (referred to as alkylphosphonatooxy), monoaryl-
phosphonooxy (—OPO,H(aryl)) and the conjugate base
(referred to as arylphosphonatooxy), cyano, nitro, aryl,
alkenyl, alkynyl, heterocyclic, and silyl groups, and the like.
Specific examples of the alkyl groups in these substituent
groups 1clude the alkyl groups described above, and these
may have substituents furthermore on them.

Specific examples of the aryl groups include phenyl,
biphenyl, naphthyl, toluyl, xylyl, mesityl, cumenyl, chloro-
phenyl, bromophenyl, chloromethylphenyl, hydroxyphenyl,
methoxyphenyl, ethoxyphenyl, phenoxyphenyl, acetoxy-
phenyl, benzyoloxyphenyl, methylthiophenyl, phenylthio-
phenyl, methylaminophenyl, dimethylaminophenyl, acety-
laminophenyl, carboxyphenyl, methoxycarbonylphenyl,
cthoxyphenylcarbonyl, phenoxycarbonylphenyl, N-phenyl-
carbamoylphenyl, cyanophenyl, sulfophenyl, sulfonatophe-
nyl, phosphonophenyl, and phosphonatophenyl groups, and
the like.

The heteroaryl group 1s a group derived from a monocy-
clic or polycyclic aromatic ring containing at least one of a
nitrogen atom, an oxygen atom, and a sulfur atom. Particu-
larly preferable examples of the heteroaryl ring in the
heteroaryl group include thiophene, thiathrene, furan, pyran,
isobenzofuran, chromene, xanthene, phenoxazine, pyrrole,
pyrazole, 1sothiazole, 1soxazole, pyrazine, pyrimidine,
pyridazine, indolysine, i1soindolysine, indoyl, indazole,
prine, quinolizine, 1soquinoline, phthalazine, naphthyridine,
quinazoline, cinnoline, pteridine, carbazole, carboline,
phenantliroline, acridine, perimidine, phenanthroline, phe-
narsazine, and furazan, which may be further benzo-con-
densed ring, or may be substituted.

Examples of the alkenyl groups in these substituent
groups include vinyl, 1-propenyl, 1-butenyl, cinnamyl, and
2-chloro-1-ethenyl group, and the like; and examples of the
alkynyl groups include ethynyl, 1-propynyl, 1-butynyl, and
trimethylsilylethynyl groups, and the like. Further, examples
of G' in the acyl group (G'CO—) of these substituent groups
include a hydrogen atom, and the alkyl and aryl groups
described above. Among these substituent groups, still more
preferable are halogen atoms (—F, —Br, —Cl, and —I); and
alkoxy, aryloxy, aklylthio, arylthio, N-alkylamino, N,N-
dialkylamino, acyloxy, N-alkylcarbamoyloxy, N-arylcar-
bamoyloxy, acylamino, formyl, acyl, carboxyl, alkoxycar-
bonyl, aryloxycarbonyl, carbamoyl, N-alkylcarbamoyl,
N,N-dialkylcarbamoyl, N-arylcarbamoyl, N-alkyl-N-aryl-
carbamoyl, sulfo, sulfonato, sulfamoyl, N-alkylsulfamoyl,
N,N-dialkylsulfamoyl, N-arylsulfamoyl, N-alkyl-N-arylsul-
famoyl, phosphono, phosphonato, dialkylphosphono, diaryl-
phosphono,  monoalkylphosphono,  alkylphosphonato,
monoarylphosphono, arylphosphonato, phosphonooxy,
phosphonatooxy, aryl, alkenyl and alkylidene (e.g. methyl-
ene etc.) groups.

On the other hand, the alkylene group in the substituted
alkyl group 1s, for example, a bivalent organic residue
obtained by removing a hydrogen atom on the carbon atom
of the alkyl group above having 1 to 20 carbon atoms; and
preferable examples thereof include straight-chain alkylene
groups having 1 to 12 carbon atoms, branched alkylene
groups having 3 to 12 carbon atoms, and cyclic alkylene
groups having 5 to 10 carbon atoms.

Typical favorable examples of the substituted alkyl
groups obtained by binding the alkylene group to a substitu-
ent group as the P!, P* or P° group include chloromethyl,
bromomethyl, 2-chloroethyl, trifluoromethyl, methoxym-
cthyl, methoxyethoxyethyl, allyloxymethyl, phenoxym-
cthyl, methylthiomethyl, tolylthiomethyl, ethylaminoethyl,
diethylaminopropyl, morpholinopropyl, acetyloxymethyl,
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benzoyloxymethyl, N-cyclohexylcarbamoyloxyethyl,
N-phenylcarbamoyloxyethyl, acetylaminoethyl, N-methyl-
benzoylaminopropyl, 2-oxoethyl, 2-oxopropyl, carboxypro-
pyl, methoxycarbonylethyl, allyloxycarbonylbutyl, chloro-
phenoxycarbonylmethyl, carbamoylmethyl,
N-methylcarbamoylethyl, N,N-dipropylcarbamoylmethyl,
N-(methoxyphenyl)carbamoylethyl, N-methyl-N-(sulfophe-
nyl)carbamoylmethyl, sulfobutyl, sulfonatopropyl, sulfona-
tobutyl, sulfamoylbutyl, N-ethylsulfamoylmethyl, N,N-
dipropylsultamoylpropyl, N-tolylsulfamoylpropyl,
N-methyl-N-(phosphonophenyl)sulfamoyloctyl, phospho-
nobutyl, phosphonatohexyl, diethylphosphonobutyl, diphe-
nylphosphonopropyl, methylphosphonobutyl, methylphos-
phonatobutyl, tolylphosphonohexyl,
tolylphosphonatohexyl, phosphonooxypropyl, phosphona-
tooxybutyl, benzyl, phenethyl, a-methylbenzyl, 1-methyl-
1-phenylethyl, p-methylbenzyl, cinnamyl, allyl, 1-propenyl-
methyl, 2-butenyl, 2-methylallyl, 2-methylpropenylmethyl,
2-propynyl, 2-butynyl, and 3-butynyl groups, and the like.

Preferable examples of the aryl groups of P', P* or P°
include groups having a benzene ring, a fused ring of 1 to 3
benzene rings and a fused ring of a benzene ring and a
five-membered unsaturated ring; specific examples thereof
include phenyl, naphthyl, anthryl, phenanthryl, indenyl,
acenaphthenyl, and fluorenyl groups; and among them,
phenyl and naphthyl groups are more preferable.

An aryl group described above having a monovalent
non-metal atomic groups excluding a hydrogen atom as the
substituent group on the ring carbon thereon 1s used as the
substituted aryl group represented by P*, P* or P°. Preferable
examples of the substituent groups include the alkyl and
substituted alkyl groups described above and the substituent
groups described above for the substituted alkyl groups.
Typical favorable example of the substituted aryl groups
include biphenyl, toluyl, xylyl, mesityl, cumenyl, chloro-
phenyl, bromophenyl, fluorophenyl, chloromethylphenyl,

tritluoromethylphenyl, hydroxyphenyl, methoxyphenyl,
methoxyethoxyphenyl, allyloxyphenyl, phenoxyphenyl,
methylthiophenyl, tolylthiophenyl, ethylaminophenyl,

diethylaminophenyl, morpholinophenyl, acetyloxyphenyl,
benzoyloxyphenyl, N-cyclohexylcarbamoyloxyphenyl,
N-phenylcarbamoyloxyphenyl, acetylaminophenyl,
N-methylbenzoylaminophenyl, carboxyphenyl, methoxy-
carbonylphenyl, allyloxycarbonylphenyl, chlorophenoxy-
carbonylphenyl, carbamoylphenyl, N-methylcarbamoylphe-

nyl, N,N-dipropylcarbamoylphenyl, N-(methoxyphenyl)
carbamoylphenyl, N-methyl-N-(sulfophenyl)
carbamoylphenyl, sulfophenyl, sulfonatophenyl,

sulfamoylphenyl, N-ethylsulfamoylphenyl, N,N-dipropyl-
sulfamoylphenyl, N-tolylsulfamoylphenyl, N-methyl-N-
(phosphonophenyl)sulfamoylphenyl, phosphonophenyl,
phosphonatophenyl, diethylphosphonophenyl, diphenyl-
phosphonophenyl, methylphosphonophenyl, methylphos-
phonatophenyl, tolylphosphonophenyl, tolylphosphonato-
phenyl, allylphenyl, 1 -propenylmethylphenyl,
2-butenylphenyl, 2-methylallylphenyl, 2-methylpropenyl-
phenyl, 2-propynylphenyl, 2-butynylphenyl, and 3-butynyl-
phenyl groups, and the like.

Particularly preferable examples of P* and P° include a
substituted or unsubstituted alkyl group. More preferable
examples of P' include a substituted or unsubstituted aryl
group. The reason for this 1s not evident, but 1s considered
that these substituents particularly strengthen the interaction
between electrons excited upon light absorption and the
iitiator compound, which improves the etliciency of the
initiator compound to generate a radical, acid, or base.
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In the next place, A” in the formula (XVIII) is further
described. A” represents an optionally substituted aromatic
ring or heterocycle, and specific examples of the optionally
substituted aromatic ring or heterocycle include the same
examples as those listed in the above-described description
of P', P?, or P° in the formula (XVIII). Among them,
preferable examples of A” include an aryl group having an
alkoxy group, a thioalkyl group, or an amino group, and
particularly preferable examples of A” include an aryl group
having an amino group.

In the next place, compound represented by the following,
tformula (XVIII-3), which 1s a preferable exemplary embodi-
ment of the compound represented by the formula (XVIII),
1s Turther described.

(XVIII-3)
O /R4
N
A7 )\
7 X N—Ar

In the formula (XVIII-3), A represents an optionally
substituted aromatic ring or heterocycle, and X represents an
oxygen atom, a sulfur atom, or —N(R")—. R", R*, and R’
are each independently a hydrogen atom or a monovalent
group of nonmetal atoms, and A, R', R, and R> may be
combined with each other to form an aliphatic or aromatic
ring. Ar represents a substituted aromatic ring or hetero-
cycle. The sum total of the Hammett’s values of the sub-
stituents on the Ar skeleton must be greater than 0. The “sum
total of Hammett’s values 1s larger than 0 as used herein
may be that one substituent i1s present and the Hammett’s
value of the substituent 1s larger than O or that a plurality of
substituents are present and the sum total of the Hammett’s
values of these substituents 1s larger than O.

In the formula (XVIII-3), A and R" are equivalent to those
in the formula (XVIII), R* is equivalent to R* in the formula
(XVIID), and R is equivalent to R3 in the formula (XVIII).
Ar represents a substituted aromatic ring or heterocycle, and
specific examples thereof 1nclude the same specific
examples of the substituted aromatic ring or heterocycle as
those listed for A 1n the description of the formula (XVIII).
The total sum of the Hammett’s values of the substituents to
be introduced into Ar 1n the formula (XVIII-3) must be 0 or
more. Examples of the substituents include a trifluoromethyl
group, a carbonyl group, an ester group, a halogen atom, a
nitro group, a cyano group, a sulfoxide group, an amide
group, and a carboxyl group. The Hammett’s value of these
substituents are as follows: trifluoromethyl group (—CF,,
m: 0.43, p: 0.54); carbonyl group (e.g. —COH, 1n: 0.36, p:
0.43); ester group (—COOCH,, m: 0.37, p: 0.45); halogen
atom (e.g. Cl, m: 0.37, p: 0.23); cyano group (—CN, m:
0.56, p: 0.66); sultoxide group (e.g. —SOCH,, m: 0.52, p:
0.45); amude group (e.g. —NHCOCH,, m: 0.21, p: 0.00);
and carboxyl group (—COOH, m: 0.37, p: 0.45). The site of
the substituent in the aryl skeleton and the Hammett’s value
of the substituent are listed 1nside the parentheses, and (m:
0.50) means that the Hammett’s value of the substituent
upon introduction 1nto the meta position 1s 0.50. Preferable
examples of Ar include a substituted phenyl group, and
preferable examples of the substituent on the Ar skeleton
include an ester group and a cyano group. The substituent 1s
particularly preferably located 1n the ortho position on the Ar
skeleton.




US 9,442,372 B2

35 56
Specific preferable examples of sensitizing dyes repre- _continued
sented by Formula (XVIII) according to the present inven- (FO)
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The compounds represented by Formula (XVIII) from
among the sensitizing dyes applicable to the present inven-
tion are preferable from the standpoint of curability of the
lower portions.

With respect to the sensitizing dyes, the following various
chemical modifications may be performed thereto 1n order to
improve the characteristics of the photosensitive composi-
tion of the present mnvention. For example, by combining the
sensitizing dye with an additional polymerizable compound
structure (for example, an acryloyl group or a methacryloyl
group) using methods such as a covalent bond, an 1onic
bond, or a hydrogen bond, an improvement in the strength
of the cross-linked curing layer and an improvement in the
ability to suppress unwanted precipitation of the dye from
the cross-linked curing layer can be obtained.

The amount contained of the sensitizing dye 1s preferably
0.01 mass % to 20 mass %, 1s more preferably 0.01 mass %
to 10 mass %, and still more preferably 0.1 mass % to 5 mass
%, with respect to the total solids of the colored photosen-
sitive composition for color filters of the present invention.
The amount contained of the sensitizing dye within these
ranges 1s preferable since there 1s high sensitivity to the
exposure wavelengths of an ultrahigh pressure mercury
lamp, and curability of the lower layer portions may be
obtained, and these ranges are also preferable 1n terms of
developing margin and pattern forming characteristics.

—Solvent—

Generally the pigment dispersion composition and the
photocurable composition of the present invention can be
appropriately prepared by using a solvent with each of the
components described above. Examples of solvents that may
be used therefor include: esters, for example, ethyl acetate,
n-butyl acetate, isobutyl acetate, amyl formate, 1soamyl
acetate, 1sobutyl acetate, butyl propionate, 1sopropyl
butyrate, ethyl butyrate, butyl butyrate, alkyl esters, methyl
lactate, ethyl lactate, methyl oxyacetate, ethyl oxyacetate,
butyl oxyacetate, methyl methoxyacetate, ethyl methoxyac-
ctate, butyl methoxyacetate, methyl ethoxyacetate, ethyl
cthoxyacetate; 3-oxypropionic acid alkyl esters, such as
methyl 3-oxypropionate, and ethyl 3-oxypropionate; methyl
3-methoxypropionate, ethyl 3-methoxypropionate, methyl
3-cthoxypropionate, ethyl 3-ethoxypropionate, methyl
2-oxypropionate, ethyl 2-oxypropionate, propyl 2-oxypro-
pionate, methyl 2-methoxypropionate, ethyl 2-methoxypro-
pionate, propyl 2-methoxypropionate, methyl 2-ethoxypro-
pionate, e¢thyl 2-ethoxypropionate, methyl 2-oxy-2-
methylpropionate, ethyl 2-oxy-2-methylpropionate, methyl
2-methoxy-2-methylpropionate, ethyl 2-ethoxy-2-methyl-
propionate, methyl pyruvate, ethyl pyruvate, propyl pyru-
vate, methyl acetoacetate, ethyl acetoacetate, methyl
2-oxobutanoate, ethyl 2-oxobutanoate; ethers, for example
diethylene glycol dimethyl ether, tetrahydrofuran, ethylene
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glycol monomethyl ether, ethylene glycol monoethyl ether,
methyl cellosolve acetate, ethyl cellosolve acetate, diethyl-
ene glycol monomethyl ether, diethylene glycol monoethyl
cther, diethylene glycol monobutyl ether, propylene glycol
methyl ether acetate, propylene glycol ethyl ether acetate,
propylene glycol propyl ether acetate, ethyl carbitol acetate,
butyl carbitol acetate and the like; ketones, for example,
methyl ethyl ketone, cyclohexanone, 2-heptanone, and
3-heptanone; aromatic hydrocarbons, for example, toluene,
such as xylene; and the like.

Preferable among these are methyl 3-ethoxypropionate,
cthyl 3-ethoxypropionate, ethyl cellosolve acetate, ethyl
lactate, diethylene glycol dimethyl ether, butyl acetate,
methyl 3-methoxypropionate, 2-heptanone, cyclohexanone,
cthyl carbitol acetate, butyl carbitol acetate, propylene gly-
col methyl ether acetate, and the like.

The solvents may be used singly or 1n combinations of two
or more thereof.

—Other Usable Components—

A photocurable composition of the invention may contain
as required various kinds of additives such as a chain
transier agent, a fluorine organmic compound, a thermal
polymerization initiator, a thermal polymerization compo-
nent, a thermal polymerization inhibitor, a coloring agent, a
photo polymerization initiator, another filler, a polymeric
compound except the above-mentioned alkali-soluble resin,
a surface-active agent, an adhesion accelerator, an antioxi-
dant, an ultraviolet absorbing agent and an aggregation
inhibitor.

—Chain Transfer Agent—

Examples of the chain transfer agent which can be added
to the colored curable composition of the present invention
include, alkyl esters of N,N-dialkylamino benzoic acid, such
as N,N-dimethylaminobenzoic acid ethyl ester, mercapto
compounds that contain heterocycles, such as 2-mercapto-
benzothiazole, 2-mercaptobenzoxazole, and 2-mercaptoben-
zimidazole, aliphatic polyfunctional mercapto compounds,
and the like.

The chain transier agents may be used singly or 1n combi-
nations ol two or more thereof.

—Fluoro Organic Compound—

By including a tfluoro organic compound, liquid charac-

teristics (in particular flowability) can be improved when the
composition of the present invention 1s a coating liquid, and
the uniformity of coating thickness, and ability to save on
liquid used can be improved.
Namely, the colored photosensitive composition containing
a fluoro organic compound has improved wettability to a
coated face and the coatability of a coated face 1s improved,
since the surface tension between the coated face and the
coating liquid 1s reduced. Therefore, such an embodiment 1s
ellective for enabling film formation with little unevenness
at a uniform thickness, even when a thin layer 1s formed of
the order of several um thickness using a small amount of
liquad.

The fluorine content 1n the fluoro organic compound 1s
preferably 3 mass % to 40 mass %, 1s more preferably 5
mass % to 30 mass %, and 1s particularly preterably 7 mass
% to 25 mass %. Effective coating thickness uniformity and
ability to save on liquid used 1s obtained when the fluorine
content being this within these ranges, and the solubility
with the composition 1s also good.

Compounds having a fluoroalkyl group or a fluoroalky-
lene group at at least one of a terminal, main chain, and/or
side chain of the compound are preferably used as the fluoro
organic compound. Examples of specific commercial prod-

ucts thereotf include MEGAFAC F142D, MEGAFAC F172,
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MEGAFAC F173, MEGAFAC F176, MEGAFAC F177,
MEGAFAC F183 MEGAFAC 780, MEGAFAC 781,
MEGAFAC R30, MEGAFAC RO8, MEGAFAC F-472 SF
MEGAFAC BL20, MEGAFAC R-61, MEGAFAC R-90
(trade names, made by Dainippon Ink), FLUORAD FC-133,
FLUORAD FC-170C, FLUORAD FC-430, FLUORAD
FC-431, NOVEC FC-4430 (trade name, made by Sumitomo
3M), ASAHI GUARD AG7105, 7000, 950, 7600, SURF-
LLON S-112, SURFLON S-113, SURFLON S-131, SURF-
[LON S-141, SURFLON S-145, SURFLON S-382, SURF-
LON SC- 101 SURFLON SC-102, SURFLON SC-103,
SURFLON SC 104, SURFLON SC-103, SURFLON
SC-106 (trade names, made by Asahi Glass Co., Ltd.) and
EFTOP EF351, EFTOP 352, EFTOP 801, EFTOP 802 (trade
name, made by JEMCQO), and the like.

A fluorine organic compound 1s particularly eflective 1n
preventing 1rregular application and irregular thickness in
thinning an applied film. In addition, the compound 1s
ellective also 1n slit coating, 1n which readily causes lack of
liquad.

The addition amount of the fluoro organic compound 1s
preferably 0.001 mass % to 2.0 mass %, and i1s more
preferably 0.005 mass % to 1.0 mass %, with respect to the
total mass of colored photosensitive composition.

—Thermal Polymerization Inmitiator—

Including a thermal polymerization initiator in the colored
photosensitive composition of the present invention 1s also
cllective.

Examples of the thermal polymerization mitiator include
various kinds of azo compounds and peroxide compounds.
Examples of the azo compounds include azobis compounds
and examples of the peroxide compounds include ketone
peroxide, peroxyketal, hydroperoxide, dialkyl peroxide, dia-
cyl peroxide, peroxyester, and peroxydicarbonate.
—Thermal-Polymerization Component—

Including a thermal-polymerization component in the col-
ored photosensitive composition of the present mvention 1s
also effective. An epoxy compound can be used as the
thermal-polymerization component in order to raise the
strength of the coated layer formed with the colored photo-
sensitive composition of the present invention. Examples of
the epoxy compounds include a compound having two or
more epoxy rings in its molecule, such as bisphenol-A epoxy
compounds, cresol novolac epoxy compounds, biphenyl
epoxy compounds, and alicyclic epoxy compounds.

Examples of bisphenol-A epoxy compounds include EPO-

TOHTO YD-1135, YD-118T, YD-127, YD-128, YD-134,
YD-8125, YD-7011R, ZX-1059, YDF-8170, YDF-170
(trade names, made by Tohto Kasei Co., Ltd.), DENACOL
EX-1101, EX-1102, and EX-1103 (trade name, made by
Nagase Kasei1 Co., Ltd.), PRAXEL GL-61, GL-62, G101,
and G102 (trade names, made by Daicel Chemical Indus-
tries, Ltd.), and the like, and also similar bisphenol-F epoxy
compounds and bisphenol-S epoxy compounds. Epoxy acry-
lates, such as EBECRYL 3700, 3701, 600 (trade names,
made by Daicel UCB Ltd.) can also be used. Examples of
cresol novolac epoxy compounds include EPOTOHTO
YDPN-638, YDPN-701, YDPN-702, YDPN-703, YDPN-
704 (trade name, made by Tohto Kasei Co., Ltd.), DENA-
COL EM-125 (trade name, made by Nagase Kasei Co.,
Ltd.); examples of biphenyl epoxy compounds include 3,5,
3 S!-tetramethyl-4,4' diglycidyl biphenyl, and the like.
Examples of alicyclic epoxy compounds include CELLOX-
IDE 2021, 2081, 2083, 2085, EPOLEAD GT-301, GT-302,
GT-401, GT-403, EHPE-3150 (trade names, made by Daicel
Chemical Industries, Ltd.), SUNTOHTO ST-3000, ST-4000,
ST-5080, ST-3100 (trade names, made by Tohto Kasei Co.,
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Ltd.), and the like. Other examples of compound that may be
used include 1,1,2,2-tetrakis(p-glycidyloxy phenyl)ethane,
tris(p-glycidyloxy phenyl)methane, triglycidyl tris(hydroxy-
cthyl)isocyanurate, diglycidyl -phthalate diglycidyl
terephthalate, as well as amine epoxy resins EPOTOHTO
YH-434, YH-434L (trade names, made by Tohto Kasei Co.,
Ltd.), and glycidyl esters with bisphenol-A epoxy resin
skeletons thereof which have been modified with a dimer
acid.

—Surfactant—

Various kinds of surfactants may preferably be composed to
the pigment dispersion composition of the present invention
in order to improve the coatability thereof. Besides the
above fluorosurfactants, various nonionic surfactants, cat-
10onic surfactants, and anionic surfactants can also be used as
such a surfactant. Preferable among these are fluorine
organic compounds (fluorosurfactants) and non-ionic sur-
factants.

Particularly preferable examples of non-1onic surfactants
include non-1onic surfactants, such as polyoxyethylene alkyl
cthers, polyoxyethylene alkylaryl ethers, polyoxyethylene
alkyl esters, sorbitan alkyl esters, monoglyceride alkyl
esters, and the like. Specific non-1onic surfactants include:
polyoxyethylene alkyl ethers, such as polyoxyethylene lau-
ryl ether, polyoxyethylene stearyl ether, and polyoxyethyl-
ene oleyl ether; polyoxyethylene aryl ethers, such as poly-
oxyethylene octylphenyl ether, polyoxyethylene poly
styrylated ether, polyoxyethylene tribenzyl phenyl ether,
polyoxyethylene-propylene polystyryl ether, and polyoxy-
cthylene nonylphenyl ether; polyoxyethylene dialkyl esters,
such as polyoxyethylene dilaurate, polyoxyethylene distear-
ate, sorbitan fatty acid esters, polyoxyethylene sorbitan fatty
acid esters, ethylene diamine polyoxyethylene-polyoxypro-
pvlene condensates, and the like.

Commercially available products thereol by Kao Corpora-
tion, NOF Corporation, Takemoto Oil and Fat Co., Ltd.,
Adeka Corporation, Sanyo Chemical Industries, Ltd, and the
like can be suitably applied therefor. Besides these, the
dispersants described above are also usable as the surfactant.

Various kinds of additives can be added to the colored
photosensitive composition of the present imnvention besides
those described above. Specific examples of such additives

include: wultraviolet absorbers, such as 2-(3-t-butyl-5-
methyl-2-hydroxyphenyl)-5-chlorobenzotriazole and
alkoxybenzophenone; aggregation 1inhibitors, such as

sodium polyacrylate; fillers, such as glass and alumina;
alkal1 soluble resins, such as an 1taconic acid copolymer, a
crotonic acid copolymer, a maleic acid copolymer, a par-
tially esterified maleic acid copolymer, an acidic cellulose
derivative, a product formed by adding polymer having a
hydroxyl group to an acid anhydrnide, an alcohol soluble
nylon, a phenoxy resin formed from bisphenol A and
epichlorohydrin, and the like.

The pigment-dispersed composition of the invention prei-
erably may further contain an organic carboxylic acid, which
preferably has a low molecular weight of 1,000 or less, to
accelerate dissolution of non-cured portions in alkali and
turther improve the developing property of the pigment-
dispersed composition. Specific examples thereof include
aliphatic monocarboxylic acid, such as formic acid, acetic
acid, propionic acid, butyric acid, valeric acid, pivalic acid,
caproic acid, diethylacetic acid, enanthic acid, and caprylic
acid; aliphatic dicarboxylic acid, such as oxalic acid,
malonic acid, succimic acid, glutaric acid, adipic acid,
pimelic acid, suberic acid, azelaic acid, sebacic acid, bras-
sylic acid, methylmalonic acid, ethylmalonic acid, dimeth-
ylmalonic acid, methylsuccinic acid, tetramethylsuccinic
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acid, and citraconic acid; aliphatic tricarboxylic acid, such as
tricarballylic acid, aconitic acid, and camphoronic acid;
aromatic monocarboxylic acid, such as benzoic acid, toluic
acid, cuminic acid, hemellitic acid, and mesitylenic acid;
aromatic polycarboxylic acid, such as phthalic acid,
isophthalic acid, terephthalic acid, trimellitic acid, trimesic
acid, mellophanic acid, and pyromellitic acid; and other
carboxylic acid, such as phenylacetic acid, hydratropic acid,
hydrocinnamic acid, mandelic acid, phenylsuccinic acid,
atropic acid, cinnamic acid, methyl cinnamate, benzyl cin-
namate, cinnamylideneacetic acid, coumaric acid, and
umbellic acid.

—Thermal-Polymerization Inhibitor—

A thermal-polymerization inhibitor may preferablly be
added turther other than the above to the pigment dispersion
composition of the present mvention. Examples of com-
pounds that may be used as the thermal-polymerization
inhibitor 1include hydroquinone, p-methoxyphenol, di-t-bu-
tyl-p-cresol, pyrogallol, t-butylcatechol, benzoquinone, 4,4'-
thiobis(3-methyl-6-t-butylphenol), 2,2'-methylenebis(4-
methyl-6-t-butylphenol), 2-mercaptobenzimidazole, and the
like.

—Producing Method of a Photocurable Composition and
a Color Filter Using This—

A photocurable composition of the mmvention may be
prepared 1n such a manner that alkali-soluble resin, a photo-
polymerizable compound and a photo polymerization ini-
tiator (preferably with solvent) are contained in the above-
mentioned pigment dispersion composition of the mnvention,
into which an additive such as a surface-active agent is
mixed as required to pass through the process for mixing and
dispersing by using various kinds of mixers and dispersers.

A photocurable composition of the invention 1s applied to
a substrate directly or through another layer by methods of
application such as spin coating, slit coating, cast coating,
roll coating and bar coating to form a photocurable applied
film, which 1s exposed through a predetermined mask pat-
tern to develop and remove the uncured portion with devel-
oping solution after the exposure, and thereby form a
patterned film composed of a picture element 1n each color
(three or four colors), leading to a color filter.

On this occasion, radial rays to be used are particularly
preferably ultraviolet rays such as g-rays, h-rays, 1-rays and
1-rays. A color filter for a liquid crystal display 1s preferably
subject to exposure by mainly using h-rays and 1-rays with
the use of a proximity exposing machine and a mirror
projection exposing machine, while a color filter for a
solid-state 1mage sensing device 1s preferably subject to
exposure by mainly using 1-rays with the use of a stepper
exposing machine.

A color filter of the mvention 1s formed on a substrate
such as glass by using the above-mentioned photocurable
composition of the invention, and 1s appropriately produced
in such a manner that the photocurable composition of the
invention 1s subject to, for example, slit coating on a
substrate directly or through another layer to form an applied
film, which 1s thereafter dried and sequentially subject to
patterned exposure and development process by using devel-
oping solution. Thus, a color filter used for a liquid crystal
display and a solid-state image sensing device may be
produced with less difliculty 1n the processes, high quality
and low costs.

Examples of the above-mentioned substrate include alka-
lifree glass, soda glass, pyrex (registered trademark) glass,
quartz glass and these with a transparent conductive film
attached, which are used for a liquid crystal display, and a
photoelectric conversion element substrate such as a silicon
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substrate and a plastic substrate, which are used for a
solid-state 1mage sensing device. On these substrates, typi-
cally, a black matrix for isolating each picture element 1s
formed and a transparent resin layer 1s provided for accel-
erating adhesion.

A plastic substrate preferably has a gas barrier layer
and/or a solvent-resistant layer on the surface thereof. In
addition thereto, a patterned film composed of the photo-
curable composition of the mvention 1s formed also on a
driver substrate (hereinafter referred to as “TFT type liquid
crystal driver substrate), on which a thin-film transistor
(TF'T) of a thin-film transistor (TFT) type color liquid crystal
display 1s disposed, to be capable of forming a color filter.
A photomask used on that occasion 1s provided with a
pattern for forming a picture element as well as a pattern for
forming a through hole or a U-shaped hollow. Examples of
the substrate 1n a TFT type liquid crystal driver substrate
include glass, silicon, polycarbonate, polyester, aromatic
polyamide, polyamide imide and polyimide. Proper pretreat-
ments may be also performed for these substrates by request,
such as chemical treatment by a silane coupling agent,
plasma treatment, 1on plating, sputtering, vapor phase reac-
tion method and vacuum deposition. Examples thereof
include a substrate such that a passivation film such as a
silicon mitride film 1s formed on the surface of the TFT type
liquid crystal driver substrate or the driver substrate.

A method for applying the photocurable composition of
the invention to a substrate 1s not particularly limited,
preferably a method by using a slit nozzle (heremafter
referred to as a slit nozzle applying method), such as a slit
and spin method and a spinless applying method. In a slit
nozzle applying method, a slit and spin method and a
spinless applying method difler in the conditions by the size
of a substrate to be applied; for example, in the case of
applying to a fifth-generation glass substrate (1100 mmx250

mm) by a spinless applying method, the discharge amount of
the photocurable composition from a slit nozzle 1s typically
500 to 2000 microliter/second, preferably 800 to 1500
microliter/second, and the coating rate 1s typically 50 to 300
mm/second, preferably 100 to 200 mm/second. The solid
content of the photocurable composition 1s typically 10 to
20%, preferably 13 to 18%. In the case where an applied film
by the photocurable composition of the invention 1s formed
on a substrate, the thickness of the applied film (after
pre-bake treatment) 1s typically 0.3 to 5.0 um, preferably 0.5
to 4.0 um and most preferably 0.8 to 3.0 um.

Prebaking treatment 1s usually preformed after carrying
out coating.
Vacuum treatment can also be performed, as required, before
prebaking.
The amount of vacuum applied in vacuum drying 1s usually
about 0.1 torr to 1.0 torr, and 1s preferably about 0.2 torr to
0.5 torr.
Prebaking treatment can be performed using a hot plate,
oven, or the like, under conditions of a temperature range of
50° C. to 140° C., preferably about 70° C. to 110° C., for 10
to 300 seconds. Radio frequency treatment or the like may
be used together with the prebaking treatment. Radio fre-
quency treatment may also be used independently thereof.

In a development process, after carrying out light-expo-
sure, the non-cured portions of the coated layer are dissolved
in the developing liquid, and only the cured portions are left
remaining on the substrate. The developing temperature 1s
usually 20° C. to 30° C., and the developing time 1s usually
20 to 90 seconds. Anything can be used as the developing
liguid as long as cured portions are not dissolved when
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dissolving the non-cured portions of the coated layer formed
from the photocurable composition.

Specifically, various combinations of organic solvents and
various alkaline aqueous solutions can be used.

The above described solvents used when preparing the
pigment dispersion composition or the photocurable com-
position of the present invention can also be used as organic
solvents for developing. Examples of the alkaline aqueous
solutions include those prepared by dissolving alkaline
compounds (such as, for example, sodium hydroxide, potas-
sium hydroxide, sodium carbonate, sodium hydrogencar-
bonate, sodium silicate, sodium metasilicate, aqueous
ammonia, ethylamine, diethylamine, dimethylethanolamine,
tetramethylammonium hydroxide, tetracthylammonium
hydroxide, choline, pyrrole, piperidine, or 1,8-diazacyclo-
[3,4,0]-7-undecene). The concentration of the alkaline aque-
ous solution 1s 0.001 mass % to 10 mass %, and 1s preferably
0.01 mass % to 1 mass %. A suitable quantity of, for
example, a water soluble organic solvent, such as methanol
and ethanol, a surfactant, or the like, can also be added to the
alkaline aqueous solution.

Any one of a dip method, a shower method, a spray
method, or the like can be used as the developing method,
and these may be combined with a swing method, a spin
method, an ultrasonic method, or the like. The surface to be
developed may also be wetted with water or the like 1n
advance before the developing liquid 1s contacted thereto, 1n
order to prevent uneven development. The substrate may
also be inclined and developed. Paddle development 1s also
used 1n the case of a color filter for a solid-state 1mage
sensing device.

After developing, rinsing 1s carried out to wash away
excess developing liquid and then drying 1s performed. Then
heat-treatment (post bake) 1s undertaken to complete curing.
Although pure water 1s usually used for performing rinsing,
in order to save water a method may be used 1n which pure
water 1s used 1n the final washing stage and such processed
pure water 1s recycled and used in previous washing stages,
in combination with the substrate being inclined for wash-
ing, and/or ultrasound irradiation thereto.

After rinsing, draining and drying, heat-treatment (at
about 200° C. to 250° C.) 1s usually performed. This
heat-treatment (post bake) may be performed to the coated
layer after developing by a continuous or batch heating
method so as to achieve the above conditions using a heating,
device such as a hot plate, a convection oven (circulating hot
air dryer), a radio frequency heating device, or the like. A
color filter formed from plural colors of cured layers (col-
ored patterns) 1s producible by repeating for each color each
of the above processes a number of times according to the
desired number of hues.

The application to a color filter 1s mainly described as
applications of the pigment dispersion composition and the
photocurable composition of the mvention, which may be
also applied to the formation of a black matrix for 1solating
cach coloring picture element composing a color filter. The
above-mentioned black matrix may be formed in such a
manner that the pigment dispersion composition of the
invention using as the pigment black pigments such as
carbon black and titanium black 1s exposed, developed and
thereafter further post-baked as required to accelerate curing,

of the film.

EXAMPLES

More specific explanation will now be given of the
present invention using the Examples, however, the present
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invention 1s not limited the following Examples, as long as
the main principles of the mmvention are not departed from.
It should be noted that unless otherwise stated, “parts” refers
to parts by mass.

<Synthesis of a Random Polymer of the Invention>
(Synthesis of Monomer G-16)

69 g of methacrylamide, 136 g of triethylamine and 130
ml of tetrahydrofuran were prepared and water-cooled 1n a
1-L three-necked flask. Solution such that 161 g of cam-
phorsulfonyl chloride was dissolved 1 200 mL of tetrahy-
drofuran was dropped into this solution over 1.5 hours and
stirred for 1 hour. After the reaction, the solution was
neutralized with 2-mol/LL diluted hydrochloric acid and
extracted twice with ethyl acetate. The o1l layer was
extracted with 2-mol/L sodium hydroxide aqueous solution.
The water layer was ice-cooled, into which hydrochloric
acid was thereafter dropped, and then the crystallized and
precipitated white crystal was filtered off and washed in
water to obtain 103 g of the intended compound G-16.

'H-NMR (400 MHz, CDCl,) was measured to identify
the compound.

0 0.91 (S, 3H), 1.08 (S, 3H), 1.47 (1d, 1H), 2.03 (M, 4H),
2.00 (S, 3H), 2.36 (M, 2H), 3.38 (D, 1H), 3.93 (D, 1H), 5.65
(D, 1H), 5.92 (D, 1H), 8.65 (bs, 1H)

(Synthesis of Polymer 1)

27.0 g of BzMA, 126.0 g of MMA, 27.0 g of G-16 and
420.0 g of 1-methoxy-2-propanol were introduced into a
nitrogen-substituted three-necked flask, stirred by a stirrer
(trade name: THREE-ONE MOTOR, manufactured by
Shinto Scientific Co., Ltd.) and heated-up to a temperature
of 90° C. by heating while blowing nitrogen into the flask.
1.69 g of 2,2-azobis(2,4-dimethylvaleronitrile) (trade name:
V-635, manufactured by Wako Pure Chemical Industries,
Ltd.) was added thereto and stirred while heated at a
temperature of 90° C. for 2 hours. 1.69 g of V-635 was further
added after 2 hours and stirred while heated for 3 hours to
thereafter obtain 30%-solution of the polymer 1. The
weilght-average molecular weight of the obtained polymeric
compound measured 20,000 by gel permeation chromatog-
raphy (GPC) using polystyrene as a standard reference
maternal. The acid value per solid content was 98 mgKOH/g
by titration using sodium hydroxide.

The polymers 2 to 6 were synthesized 1n the same manner.

(Synthesis of Polymer 7)

21.0 g of a-3, 98.0 g of MMA, 14.0 g of G-18, 7.0 g of
MAA and 420.0 g of 1-methoxy-2-propanol were introduced
into a mtrogen-substituted three-necked flask, stirred by a
stirrer (trade name: THREE-ONE MOTOR, manufactured
by Shinto Scientific Co., Ltd.) and heated-up to a tempera-
ture of 90° C. by heating while blowing nitrogen into the
flask. 1.69 g of 2,2-azobis(2,4-dimethylvaleronitrile) (trade
name: V-65, manufactured by Wako Pure Chemical Indus-
tries, Ltd.) was added thereto and stirred while heated at a
temperature of 90° C. for 2 hours. 1.69 g of V-635 was further
added after 2 hours and stirred while heated for 3 hours to
thereatter obtain 30%-solution of the polymer 7.

The weight-average molecular weight of the obtained
polymeric compound measured 15,000 by gel permeation
chromatography (GPC) using polystyrene as a standard
reference material. The acid value of solid content was 98

mgKOH/g by fitration using sodium hydroxide, and the

composition ratio (mass ratio) of the repeating unit mea-
sured from '"H-NMR was a-3/MMA/G-18/MAA=15/70/10/

J.
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<Synthesis of a Graft Polymer of the Invention>

(Synthesis of Polymer 8)

28.0 g of BzMA, 91.0 g of polymethyl methacrylate
having a methacryloyl group at a terminal (trade name:
AA-6, manufactured by Toagoseir Chemical Industry Co.,
Ltd.), 21.0 g of G-16, 2.9 g of n-dodecyl mercaptan and 327
g of methoxypropylene glycol were introduced 1nto a nitro-
gen-substituted three-necked flask, stirred by a stirrer (trade
name: THREE-ONE MOTOR, manufactured by Shinto Sci-
entific Co., Ltd.) and heated-up to a temperature of 78° C. by
heating while blowing nitrogen into the flask. 0.8 g of
2,2-azobis(2-dimethyl methylpropionate) (trade name:
V-601, manufactured by Wako Pure Chemical Industries,
Ltd.) was added thereto and stirred while heated at a
temperature of 78° C. for 2 hours. 0.8 g of V-601 was further
added after 2 hours and stirred while heated for 3 hours to
thereafter obtain 30%-solution of the polymer 8. The acid
value per solid content was 98 mgKOH/g by titration using,
sodium hydroxide.

The polymers 9 and 10 were synthesized 1in the same
manner.

<Synthesis of a Terminal-Modified Polymer of the Inven-
tion>
(Synthesis of Precursor TM-1 of Polymer 11)

7.83 parts of dipentaerythritol hexakis(3-mercaptopropi-
onate) (DPMP; manufactured by Sakai Chemical Industry
Co., Ltd.) and 4.55 parts of 1taconic acid were dissolved 1n
28.90 parts of 1-methoxy-2-propanol and heated to a tem-
perature of 70° C. under a nitrogen stream. 0.04 part of
2,2'-azobi1s(2,4-dimethylvaleronitrile) (trade name: V-65,
manufactured by Wako Pure Chemical Industries, Ltd.) was
added thereto and heated for 3 hours. 0.04 part of V-65 was
turther added and reacted at a temperature of 70° C. under
a nitrogen stream for 3 hours. 30%-solution of mercaptan
compound (TM-1) according to the invention described
below was obtained by cooling to room temperature.

0
|

HS—CH,—CH,—C—O0—CH, .CH
N\ /

C
i 7 Nen

2

CH,

| /
Hs—CH,—CH,—C—0—CH, CH,—O
\ /

C

VRN
HS—CH,—CH,—C—0—CH,

O O

(Synthesis of Polymer 13)

Mixed solution of 5.03 parts of 30%-solution of the
above-mentioned TM-1, 90.0 g of methyl methacrylate, 10.0
g of G-16 and 23.3 g of 1-methoxy-2-propanol was heated
to a temperature of 90° C. under a nitrogen stream. Mixed
solution of 0.7 g of 2,2"-azobisdimethyl 1sobutyrate (trade
name: V-601, manufactured by Wako Pure Chemical Indus-

tries, Ltd.), 26.8 g of 1-methoxy-2-propanol and 47 g of
1 -methoxy-2-propyl acetate was dropped thereinto over 2.5
hours while stirring this mixed solution. After finishing the
dropping and then reacting at a temperature of 90° C. for 2.5
hours, mixed solution of 0.23 g of 2,2'-azobisdimethyl
isobutyrate and 20.0 g of 1-methoxy-2-propyl acetate was
projected thereinto and reacted for another 2 hours. 7.5 g of
1 -methoxy-2-propanol and 105.0 g of 1-methoxy-2-propyl
acetate were added to the reaction solution and cooled to
room temperature to obtain 30%-solution of the polymer 11.
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The polymers 12 and 13 were synthesized in the same
manner. The obtained polymeric compounds were shown
together 1n Table 1.

<Synthesis of a Block Polymer>
(Synthesis of Polymer 14)

Degassed solution of 140 g of benzyl methacrylate, 2 g of
the following compound (45) and 100.0 g of cyclohexanone
was stirred at a temperature of 80° C. for 2 hours and
thereafter heated at a temperature of 120° C. for 0.5 hour to
obtain a polymer of Mn=6500. 20 g of methacrylic acid was
projected thereinto to heat the degassed solution at a tem-
perature of 120° C. for 1 hour and obtain a polymer of
Mn=7200. 40 g of G-16 was further added to heat the
degassed solution at a temperature of 120° C. for 1 hour.
After finishing the reaction, the solution was diluted with
3920 g of 1-methoxy-2-propyl acetate to obtain 30%-
solution of the polymer 14. The weight-average molecular
weight of the obtained polymeric compound measured 8,000
by gel permeation chromatography (GPC) using polystyrene
as a standard reference material. The composition ratio
(mass ratio) of the repeating unit measured from 'H-NMR

was 70/10/20.

2

25
Compound (45)
Ph §—\
>—0—N N
30
H,C
O
35
The polymer 15 was synthesized in the same manner.
[TM-1]
i
O—C—CH,—CH,—SH
0 ﬁ CH,—CH,—SH
O

50

55

60

65

CH,—O—C—CH,—CH,—SH

(Synthesis of A-3)

160.0 g of e-caprolactone and 18.3 g of 2-ethyl-1-hexanol
were introduced mto a 500-mL three-necked flask, and
stirred and dissolved while blowing mitrogen thereinto. 0.1 g
of monobutyltin oxide was added thereto and heated to a
temperature ol 100° C. After confirming by gas chromatog-
raphy that the raw materials vanished 1n 8 hours, the solution
was cooled to a temperature of 80° C. 0.1 g of 2,6-ditert-
butyl-4-methyl phenol was added to thereafter add 22.2 g of
2-methacryloyloxyethyl 1socyanate. After confirming by
H-NMR that the raw materials vanished in 5 hours, the
solution was cooled to room temperature to obtain 200 g of
solid-state (A-3). It was confirmed by H-NMR, IR and mass
spectrometric analysis that the product was (A-3).
(Synthesis of Polymer 16)

28.0 g of M-1, 78.8 g of A-3 synthesized in the above,

21.0 g of methacrylic acid, 4.2 g of n-dodecyl mercaptan and
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327 g of methoxypropylene glycol were introduced into a
nitrogen-substituted three-necked flask, stirred by a stirrer
(trade name: THREE-ONE MOTOR, manufactured by
Shinto Scientific Co., Ltd.) and heated-up to a temperature
of 75° C. by heating while blowing nitrogen into the flask.
1.0 g of 2,2-azobis(2-dimethyl methylpropionate) (trade
name: V-601, manufactured by Wako Pure Chemical Indus-
tries, Ltd.) was added thereto and stirred while heated at a
temperature of 75° C. for 2 hours. Thereatter, 1.0 g of V-601
was further added and stirred while heated for 2 hours, and
thereafter heated-up to a temperature of 90° C. and stirred
while heated for 2 hours to thereaiter obtain 30%-solution of
the polymer 4.

The weight-average molecular weight of the obtained
polymeric compound measured 23,000 by gel permeation
chromatography (GPC) using polystyrene as a standard
reference material.

The acid value per solid content was 117 mgKOH/g by
titration using sodium hydroxide, and the composition ratio
(mass ratio) of the repeating unit measured from 'H-NMR
was 10/65/15.

The polymer 17 was synthesized 1n the same manner.

TABLE 1
welght-
average
molecular  acid
polymer composition ratio of polymer welght value
1 BzMA MMA  G-16 20,000 98
15 70 15
2 BzMA MMA  G-16 19,000 31
18 79 3
3 BzMA MMA  G-16 21,000 42
18 77 5
4 CHMA MMA  G-21 5,000 126
15 65 20
5 BzMA G-1 20,000 126
60 40
6 a-21 MMA  G-18 21,000 08
15 70 15
7 a-3 MMA  G-18 MAA 15,000 08
15 70 10 5
8 a-1 AA-6 G-13 20,000 08
20 63 15
9 MMA AA-6 G-18 23,000 126
30 50 20
10 DMAEMA  AA-6 G-16 20,000 70
5 80 15
11 MMA G-16 18,000 100
90 10
12 MMA MAA G-1 18,000 100
80 5 15
13 G-1 15,000 120
100
14 BzMA MMA  G-16 8,000 65
70 20 10
15 BzMA G-21 9,000 120
50 50
16 M-1 A-3 MMA G-1 23,000 98
10 60 15 15
17 M-1 AA-6 MMA G-1 25,000 98
10 60 15 15
The compounds by the abbreviations used in Examples,

Comparative

MMA: methyl methacrylate
BzMA: benzyl methacrylate

CHMA: cyclohexyl methacrylate

DMAEMA: 2-dimethylaminoethyl methacrylate

AA-6: one terminal-methacryloylized polymethyl meth- 65
acrylate oligomer (Mn=6000, manufactured by Toagosei
Chemical Industry Co., Ltd.)

Hxamples and Table 1 were described below.
MAA: methacrylic acid
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M-1, G-1, G-13, G-16, G-18 and G-21 were the com-
pounds exemplified in the specification, and R® of G-1,
G-13, G-16 and G-18 denoted a methyl group.

<Preparation of Processed Pigment>

50 g of C. 1. pigment green 36, 500 g of sodium chloride,
25 g of solution of the polymer of the invention described 1n
Table 2 or the polymeric compound of comparative experi-
ments, and 100 g of diethylene glycol were charged into a
1-gallon kneader made of stainless steel (manufactured by
Inoue Mig., Inc.), and kneaded for 9 hours. Next, this
mixture was projected 1nto approximately 3 liters of water,
stirred for approximately 1 hour by a high-speed mixer, and
thereafter filtered and washed 1n water to remove sodium
chloride and the solvent therefrom and obtain processed
pigment coated with the polymeric compound by drying.

When the polymeric compound was not used in the
processed pigment process, the same experiment was per-
formed without using the solution of the polymeric com-
pound 1n the above-mentioned formulation.

<Preparation of a Pigment Dispersion Composition>

The components by the following composition (1) were
mixed and stirred at a number of revolutions of 3,000 rpm
for 3 hours by using a homogenizer to prepare mixed
solution containing pigment.

[Composition (1)]

Processed pigment

Pigment derivative A [46]

Dispersant described in Table 2 (30%-solution of
1-methoxy-2-propyl acetate)

1-methoxy-2-propyl acetate

95 parts
5 parts
the amount
described i Table 2
750 parts

Subsequently, the mixed solution obtained from the above
was Turther subject to dispersion treatment for 6 hours by a
beads disperser using 0.3 mm¢ zirconia beads “DISPER-
MAT” (manufactured by Getzmann), and thereafter further
subject to dispersion treatment under a pressure of 2000
kg/cm” at a flow rate of 500 g/min by using a high-pressure
disperser with decompression mechanism “NANO-3000-
10” (manufactured by Japan BEE Co., Ltd.). This dispersion

treatment was repeated ten times to obtain a pigment dis-
persion composition.
<Evaluation of a Pigment Dispersion Composition>
he following evaluations were performed for the

obtained pigment dispersion composition. The results are
shown 1n Table 2.

(1) Measurement and Evaluation of Viscosity

The viscosity 1 of the pigment dispersion composition
immediately after dispersion and the viscosity m2 of the
pigment dispersion composition with 1 week passed (at
room temperature) after dispersion were measured for the
obtained pigment dispersion composition by using an E-type
viscometer to evaluate the degree of thickening. Here, low
viscosity signifies that the wviscosity resulting from the
dispersant 1s restrained from increasing to offer favorable
dispersibility and dispersion stability of the pigment.

(2) Measurement and Evaluation of Contrast

The obtamned pigment dispersion composition was
applied on a glass substrate to produce a sample so that the
thickness of the applied film after being dried became 1 um.
This sample was put between two sheets of polarizing plates
to measure luminance with the polarizing plates parallel and
luminance with the polarizing plates orthogonal by “BM-5”
manufactured by Topcon Corp., and then calculate 1n accor-
dance with contrast=luminance with the polarizing plates
parallel/luminance with the polarizing plates orthogonal.
Here, high contrast signifies that the pigment 1s uniformly
dispersed 1n a highly micronized state.
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TABLE 2
polymeric
compound polymeric compound used 1n
used for dispersing process 1nitial viscosity
processing used amount viscosity  with time
pigment in composition 1 (mPa -s) (mPa-s) contrast
Example 1 none polymer 1 100 25 30 5000
Example 2 none polymer 2 100 25 30 5000
Example 3 none polymer 3 200 25 30 5000
Example 4  none polymer 4 100 25 30 5000
Example 5 none polymer 5 200 25 30 5000
Example 6  none polymer 6 100 25 30 5000
Example 7  none polymer 7 150 25 30 5000
Example 8  none polymer & 150 20 23 6000
Example ©  none polymer 9 200 23 28 5500
Example 10 none polymer 11 200 15 20 7000
Example 11  none polymer 12 200 15 20 7000
Example 12 none polymer 13/ 100/100 15 20 6500
D-1
Example 13 none polymer 14 150 20 25 6000
Example 14 none polymer 15 150 20 25 6000
Example 15 polymer 1 polymer 8 90 20 22 7000
Example 16 polymer 6 polymer 6 8O 25 27 6000
Example 17 P-1 polymer 11 100 15 17 JOY
Example 18 P-2 polymer 7 80 20 22 7000
Example 19 polymer 6 D-1 80 25 27 6000
Example 20 P-1 polymer 16 90 14 15 8OO0
Example 21 P-2 polymer 17 90 20 22 6000
Comparative none D-1 100 50 100 2000
Example 1
Comparative none D-2 200 50 100 2000
Example 2
Comparative P-1 D-1 800 40 80 3000
Example 3
Comparative P-2 D-2 100 40 80 3000
Example 4
The compounds by the abbreviations used in Table 2 were _continued
described below.
P-1: copolymer of methyl methacrylate/methacrylic Propylene glycol monoethyl ether acetate solution 300 parts
acid=85/15% by MASS 40 (solid content of 30%) of benzyl methacrylate/
: : : methacrylic acid (=75/25 [mass ratio]) copolymer
welght-average molecular weight: 20000, acid value: 98 (weight-average molecular weight: 10.000)
mgKOH/g (alkali-soluble resin)
P-2: hydrogenated rosin ester (trade name: ESTER GUM I-methoxy-2-propyl acetate (solvent) 390 parts

HP, manufactured by Arakawa Chemical Industries, Ltd.)
D-1: copolymer of a-1/AA-6/MAA=20/65/15% by mass
weilght-average molecular weight: 23000, acid value: 100

mgKOH/g

D-2: trade name: “SOL-SPERSE 24000, manufactured
by Lubrizol Corp.

It 1s found that the use of the polymeric compound of the
invention in the processing process, the dispersing process
or both of the pigment improves preservability of the
pigment dispersion composition and allows the pigment
dispersion composition with high contrast and difliculty 1n
precipitating.

<Preparation of a Colored Photocurable Composition>

The following colored photocurable composition was
produced by using the obtained pigment dispersion compo-
sitiomn.

Pigment fluid dispersion described in Table 3 2100 parts
Dipentaerythritol hexaacrylate 90 parts
(photo-polymerizable compound)

4-[ortho-bromo-para-N,N-di(ethoxycarbonyl)aminophenyl]- 30 parts

2,6-di(trichloromethyl)-sec-triazine
(photo-polymerization initiator)
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<Preparation of a Color Filter Using a Colored Photosen-
sitive Composition>

The obtained colored photocurable composition (color
resist liquid) was applied on a glass substrate of 100

mmx 100 mm (trade name: 1737, manufactured by Corning),
and dried 1n an oven of 90° C. for 60 seconds (pre-bake).
Thereatter, the whole plane of the applied film was exposed
at 200 mJ/cm® (an illuminance of 20 mW/cm?), and the
applied film after being exposed was coated with 1%-aque-
ous solution of alkaline developing sohltion “CDK-1”
(manufactured by FUIIFILM Flectronic Materials Co.,
[td.), and rendered still for 60 seconds. After being rendered
still, the developing solution was washed away by spraying
pure water as a shower. Then, the applied film subject to the
exposure and development as described above was subject
to heat treatment 1n an oven of 220° C. for 1 hour (post-bake)
to form a colored pattern (colored resin film) for a color filter
on the glass substrate, and produce a colored filter substrate
(color filter).

Here, the application was performed 1n Examples 20, 21
and Comparative Example 5 at a film thickness such that x
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value as an index for color density became 0.650, while the
application was performed 1n Examples 22, 23 and Com-
parative Example 6 at a film thickness such that y value as
an mdex for color density became 0.6350.

<Evaluation of a Color Filter>

The evaluations were performed for the produced colored
filter substrate (color filter) in the following manner. The
results are shown 1n the following Table 3.
(1) Contrast: the Same Method as the Evaluation of the
Pigment Fluid Dispersion
(2) Development Residue

The substrate atter being developed was observed by an

optical microscope for a remaining state in the unexposed
portion of the glass substrate. The state such that no residues
existed 1n the unexposed portion was regarded as A, the state
such that few residues were confirmed 1n the unexposed
portion and brought no problems practically was regarded as
B, and the state such that residues were remarkably con-
firmed 1n the unexposed portion was regarded as C.

(3) Surface Smoothness

The evaluation of slit application aptitude was performed
by using a slit applying device provided with a slit head
having a slit interval of 100 um and an application effective
width of 500 mm. After applying on 10 sheets of glass
substrates (a width of 550 mm, a length of 650 mm and a
thickness of 0.7 mm) by an ordinary method, the above-
mentioned slit head was made to stand m the air for 35
minutes and subjected to forced drying. Dummy dispense
was performed for 3 seconds after standing to intermittently
slit-apply directly on 10 sheets of the glass substrates. The
interval between the slit and the glass substrates was
adjusted so that the applied film thickness after post-baking
became 2 um to apply the curable composition at an apply-
ing speed of 100 mm/second. After applying and then
pre-baking at a temperature of 90° C. for 60 seconds by a hot
plate, the number of striped surface irregularities on the
applied surface was visually counted by using a sodium light

source to evaluate by the following standard and show 1n

Table 3.

—FBvaluation Standard—

A: no striped surface 1rregularities were observed on the
applied surface

B: striped surface irregularities were observed by 1 to 5

C: striped surface irregularities were observed by 6 or
more

TABLE 3

processed plgment

polymer
usedin
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In Table 3, PR254 and PG36 denote C. 1. pigment red 254
and pigment green 36, respectively. P-1 and D-1 are the
same as 1n Table 2. The polymers are compounds shown 1n
Table 1. The pigment derivatives are described below.

Pigment Derivative-A
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evaluations

processing polymer used
pigment 1n dispersing

pigment

Example pigment derivative

5500
7000
7000
3000

Example 22
Example 23
Example 24
Comparative
Example 5

Example 25

PR254 A polymer 9
PR254 A P-1 polymer &
PR254 B P-1 polymer 16
PR254 A P-1 D-1

NOIe

PG36

b=

P-1 usmg polymer 8 7500
and polymer 12
together at a
mass ratio of 3/7
polymer 10

D-1

PG36 B
PG36 A

6000
2000

Example 26
Comparative
Example 6

NOIe
NNOI1C
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development

surface

residue smoothness
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It 1s found from Table 3 that the use of the polymeric
compound of the invention 1n the pigment processing pro-
cess or the dispersing process allows a color filter having
high contrast, few residues 1n development and excellent
surface smoothness.

Next, an example of the preparation of a colored photo-
curable composition 1s described for the formation of a color
filter for a solid-state 1mage sensing device.

—Preparation of Resist Liquid—

The components by the following composition were
mixed and dissolved to prepare resist liquid.

Propylene glycol monomethyl ether acetate 19.20 parts
40%-propylene glycol monomethyl ether acetate 30.51 parts
solution of benzyl methacrylate/methacrylic

acid/2-hydroxyethyl methacrylate (molar ratio =

60/22/18) copolymer

Dipentaerythritol hexaacrylate 12.20 parts
Polymerization inhibitor (para-methoxyphenol) 0.0061 part
Fluorine surface-active agent 0.83 part
(trade name: F-475, manufactured by Dainippon

Ink And Chemicals, Inc.)

TAZ-107 0.586 part

(trithalomethyltriazine-type photo polymerization initiator,
manufactured by Midor Kagaku Co., Ltd.)

—Production of a Silicon Water with an Under Coat—

A 6-1nch silicon water was subject to heat treatment at a
temperature of 200° C. for 30 minutes by using an oven.
Subsequently, the colored photocurable composition was
applied on this silicon water so that the dried film thickness
thereof became 1.5 um, and further dried by heating 1n an
oven of 220° C. for 1 hour to form an under coat and obtain
a silicon wafer substrate with the under coat.

—Preparation of Pigment Fluid Dispersion—

C.I. pigment green 36 as pigment (an average primary particle 95 parts
diameter of 30 nm)

Dispersant described in Table 4 (solid content concentration 35.5 parts
of 30%)

Propylene glycol monomethyl ether acetate (solvent) 830 parts

The above-mentioned compositions were mixed, and further
mixed and dispersed for 15 hours by a bead mill to prepare
pigment fluid dispersion.

—Preparation of a Photocurable Composition (Applica-
tion Liquid)—

The following compositions using the pigment fluid dis-
persion obtained in the above were stirred and mixed to
prepare solution of a photocurable composition.

The above-mentioned pigment fluid dispersion 600 parts
IRGACURE 907 5 parts
(acetophenone-type photo polymerization initiator,

manufactured by Ciba Specialty Chemicals)

Dipentaerythritol hexaacrylate (photo- 15 parts
polymerizable compound)

Propylene glycol monomethyl ether acetate (solvent) 280 parts

—Production and Evaluation of a Color Filter by a
Photocurable Composition—

The photocurable composition prepared as described
above was applied on the under coat of the silicon wafer
with the under coat obtained in the above so that the dried
f1lm thickness of the applied film (the colored layer) became
0.7 um. Thereafter, the applied film was subject to heat
treatment (pre-bake) for 120 seconds by using a hot plate of
100° C.
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Subsequently, the applied film was exposed at various
exposure amounts in a range of 50 to 1200 mJ/cm* at a
wavelength of 365 nm through an Island pattern mask with
a pattern 1.5 um square by using an 1-ray stepper exposure
equipment “FPA-300015+” (manufactured by Canon Inc.).

Thereatter, the silicon wafer substrate with the applied
film after being exposed formed was put on a horizontal
rotary table of a spin shower developing machine (trade

name: DW-30, manufactured by CHEMITRONICS CO.,
L'TD.), and subjected to paddle development at a tempera-
ture of 23° C. for 60 seconds by using “CD-2000” (manu-
factured by FUIJIFILM Electronic Matenials Co., Ltd.) to
form a colored pattern on the silicon water.

The silicon water with the colored pattern formed was
fixed to the horizontal rotary table by a vacuum chuck
system to perform rinse treatment by supplying pure water
as a shower from an exit nozzle above the center of rotation
while rotating the silicon wafer at a number of revolutions
of 50 r.p.m. by a rotary device, which silicon waler was
therealter spray-dried.

Storage stability of solution (application liquid) of the
photocurable composition prepared in the above, and devel-
opability of the photocurable composition layer formed on
the glass substrate by using the photocurable composition
were evaluated. The results of evaluating are shown 1n Table
4.

<Developability>

The presence of residues in the unexposed area (unex-
posed portion) was confirmed after post-baking by an optical
microscope and SEM photographic observation to evaluate

developability 1n accordance with the following evaluation
standard.

—FEvaluation Standard—

A: no residues were confirmed in the unexposed portion

B: few residues were confined in the unexposed portion
and brought no problems practically

C: residues were remarkably confirmed in the unexposed
portion

<Dispersibility>

The viscosity of the pigment dispersion composition
immediately after dispersion and the viscosity of the pig-
ment dispersion composition with 1 week passed at room
temperature after dispersion were measured for the obtained
pigment dispersion composition by using an E-type viscom-
cter to evaluate the degree of thickeming. Here, low viscosity
signifies that the viscosity resulting from the dispersant 1s
restrained from increasing to ofler favorable dispersibility
and dispersion stability of the pigment.

TABLE 4
initial
viscosity  viscosity with
dispersant developability (mPa-s) time (mPa - s)
Example 28 polymer 1 A 30 50
Example 29 polymer 6 A 25 50
Example 30 polymer 9 A 30 oU
Example 31 polymer 11 A 20 30
Example 32 polymer 16 A 20 23
Comparative D-1 C 80 gel
Example &
Comparative D-2 C 80 gel
Example 9

In Table 4, D-1 and D-2 are the same as in Table 2. The

polymers are compounds shown 1n Table 1.
It has been clarified also 1n the application to a solid-state
image sensing device from Table 4 that the pigment disper-
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sion composition of the invention has favorable dispersion
stability and the photocurable composition has favorable
developability.

The mvention allows a pigment dispersion composition
having high pigment dispersibility and dispersion stability
and favorable color characteristics even in the case of
containing pigment at high concentration. Also, the mnmven-
tion may provide a colored photocurable composition supe-
rior in developability and surface smoothness of a picture
clement, allowing high contrast, in composing a color filter;
a color filter having favorable color characteristics and high
contrast; and a liquid crystal display and a solid-state image
sensing device using a color filter.

That 1s to say, the invention may provide the following
items of <1> to <9>.

<1>. A pigment dispersion composition containing a
polymeric compound (A) comprising one or more of a
partial structure selected from either of the following for-

mulae (1) and (2), and a weight-average molecular weight of
1,000 to 100,000, and pigment (B).

-Ql-Q%-Z— Formula (1)

wherein in formula (1), Q' denotes —(C—0O)— or
—SO,—,

Q” denotes —NH— or —CHR®*—, and

7 denotes —(C—O)>—R"— or —SO,—R"—

R® denotes a hydrogen atom, a halogen atom, a cyano
group or an alkyl group, and

R” denotes an alkylene group, a cycloalkylene group or an
arylene group.

R® and R” may be linked to each other through a linking

group.

-R{-OH Formula (2)

wherein 1n formula (2), Rf denotes an alkylene group with
at least one fluorine atom substituted.

<2>. The pigment dispersion composition according to
the 1tem <1>, wherein the formula (1) 1s —(C=0)—
CHR*—(C—0)—R’—
In the formula, R® mgmﬁes the same as the formula (1),
and R’ denotes an alkylene group, a cycloalkylene group and
an arylene group.

<3>. The pigment dispersion composition according to
the item <1> or <2>, wherein the polymeric compound (A)
1s a polymeric compound containing S5 to 100% by mass of
a repeating unit containing one or more of a partial structure

selected from the formulae (1) and (2).

<4>, The pigment dispersion composition according to
any one of the items <1> to <3>, wherein an acid value of
the polymeric compound (A) 1s 30 to 300 mgKOH/g.

<5>. The pigment dispersion composition according to
any one of the items <1> to <4>, wherem the polymeric
compound (A) 1s a compound comprising polycaprolactone
as a graft chain.

<6>. A photocurable composition containing the pigment
dispersion composition according to any one of the items
<]> to <35>, alkali-soluble resin, a photo-polymernizable
compound and a photo polymerization initiator.

<7>. A color filter comprising the photocurable compo-
sition according to the item <<6> used.

<8>. A liquid crystal display using the color filter accord-
ing to the item <7>.

<9>, A solid-state 1mage sensing device using the color
filter according to the 1tem <7>.
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The foregoing description of the exemplary embodiments
of the present mnvention has been provided for the purposes
of illustration and description. It 1s not intended to be
exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations
will be apparent to practitioners skilled in the art. The
embodiments were chosen and described i1n order to best
explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
the various modifications as are suited to the particular use
contemplated.

All publications, patent applications, and technical stan-
dards mentioned 1n this specification are herein incorporated
by reference to the same extent as 11 such individual publi-
cation, patent application, or technical standard was specifi-
cally and individually indicated to be incorporated by ret-
erence. It will be obvious to those having skill 1n the art that
many changes may be made 1n the above-described details
of the preferred embodiments of the present invention. It 1s
intended that the scope of the mvention be defined by the
following claims and their equivalents.

What 1s claimed 1s:
1. A photocurable composition containing a pigment

dispersion composition, an alkali-soluble resin, a photopo-
lymerizable compound, an organic solvent in a range of
from 80% by mass to 90% by mass with respect to a total
mass of the photocurable composition, and a photopolymer-
1zation initiator, the pigment dispersion composition con-
taining a pigment (B) dispersed with a polymeric compound
(A) which comprises at least one partial structure selected
from the following formulae (1) and (2) and has a vinyl

polymer main chain having a weight-average molecular
weight of 1,000 to 100,000:

Formula (1)

Q-Q%2—

wherein in formula (1), Q' denotes —(C—O)— or
—S0O,—; Q° denotes —NH— or —CHR®*—; Z
denotes —(C—0)—R— or —SO,—R—; R°
denotes a hydrogen atom, a halogen atom, a cyano
group or an alkyl group; R” denotes an alkylene group,
a cycloalkylene group or an arylene group; and R® and
R” may be linked to each other by a linking group;

-R{-OH Formula (2)

wherein 1n formula (2), Rf denotes an alkylene group with
at least one fluorine atom substituted,

wherein an acid value of the polymeric compound (A) 1s
50 to 200 mgKOH/g, and

the polymeric compound (A) contains 15 to 100% by
mass ol a repeating unit containing at least one partial
structure selected from the formulae (1) and (2).

2. The photocurable composition according to claim 1,

wherein formula (1) 1s

— (C—0)—CHR®* (C—0)—R’'—

wherein R” is the same as in formula (1), and R’ denotes

an alkylene group, a cycloalkylene group or an arylene
group.

3. A photocurable composition containing a pigment

dispersion composition, an alkali soluble resin, a photopo-

lymerizable compound and a photopolymerization initiator,
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the pigment dispersion composition containing a pigment
(B) dispersed with a polymeric compound (A) which com-
prises at least one partial structure selected from the follow-
ing formulae (1) and (2) and polycaprolactone as a grafit
chain, and has a vinyl polymer main chain having a weight-
average molecular weight of 1,000 to 100,000;

-Ql-Q%-Z— Formula (1)

wherein in formula (1), Q' denotes —(C—0)— or
—S0O,—; Q° denotes —NH— or —CHR®*—; Z
denotes —(C—0)—R— or —SO,—R— R°
denotes a hydrogen atom, a halogen atom, a cyano
group or an alkyl group; R” denotes an alkylene group,
a cycloalkylene group or an arylene group; and R® and
R” may be linked to each other by a linking group:;

-R{-OH Formula (2)

wherein 1n formula (2), Rf denotes an alkylene group with
at least one fluorine atom substituted,

wherein an acid value of the polymeric compound (A) 1s
50 to 200 mgKOH/g, and

the polymeric compound (A) contains 15 to 100% by
mass of a repeating unit containing at least one partial

structure selected from the formula (1) and (2).

4. A color filter comprising a substrate and a patterned

f1lm composed of a picture element formed by applying the
photocurable composition according to claam 1 onto the
substrate.

5. The photocurable composition according to claim 1,
wherein the at least one partial structure 1s a structure formed
through a polymerization of a monomer selected from the

group consisting of the following Formulae G-1 to G-20 and
G-25 to G-28:
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wherein, in Formulae, R® denotes a hydrogen atom or a
methyl group.

6. The photocurable composition according to claim 1,
wherein the vinyl polymer main chain consists of repeating
units derived from at least one vinyl monomer.
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7. The photocurable composition according to claim 5,
wherein the at least one partial structure 1s a structure formed
through a polymerization of a monomer selected from the

group consisting of Formulaec G-2 to G-20 and G-25 to
(G-28.

8. A pigment dispersion composition comprising a pig-
ment (B) and a polymeric compound (A) which comprises
polycaprolactone as a grait chain and a repeating umt

formed by polymerization of at least one selected from the

following monomers represented by Formulae G-1 to G-20
and G-25 to G-28 and 1s a polymer having a weight-average
molecular weight of 1,000 to 100,000, and an acid value of

30 to 300 mgKOH/g:
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wherein, in Formulae, R® denotes a hydrogen atom or a
methyl group.
9. The pigment dispersion composition according to claim
65 8, wherein the polymeric compound (A) comprises a repeat-
ing unit formed by polymerization of a monomer repre-
sented by Formula G-1.
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10. A photocurable composition comprising the pigment
dispersion according to claim 8, an alkali-soluble resin, a
photopolymerizable compound, and a photopolymerization
initiator.

11. A color filter comprising a substrate and a patterned 5
f1lm composed of a picture element formed by applying the
photocurable composition according to claim 10 onto the
substrate.

12. A solid-stage image sensing device comprising the
color filter according to claim 11. 10
13. The photocurable composition according to claim 8,

wherein the polymeric compound (A) comprises a repeating,
unit formed by polymerization of a monomer selected from
the group consisting of the Formulae G-2 to G-20 and G-25
to (5-28. 15

14. The photocurable composition according to claim 1,

wherein the at least one partial structure 1s represented by

Formula (1).
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